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In his annual report, December 9, 1891, the President of the 

Institute of Technology made the following remark: “I long ago 

said that the greatest crisis through which a young institution of 

learning is called to pass, is, not with respect to its general scheme 

of work, not with respect to its finances, not with respect to its Fac- 

ulty, but with respect to its Board of Trustees.” What he then said 

on the subject of the cardinal importance of a right choice of trustees 

in an institution of learning, especially in its early days, he would now 

repeat with even more of emphasis, not only as the result of four 

years of added experience, but also out of his deep sense of the pain- 

ful loss which the Institute of Technology has recently suffered in 

the death of one of its wisest, strongest, and bravest counselors. 

Henry Saltonstall was born into one of the most distinguished 

families of Massachusetts, at Salem, the second of March, 1828. He 

fitted for college at Salem and at the Phillips Exeter Academy, enter- 

ing Harvard in 1843; but by reason of ill health was obliged to give 

up his studies and go to sea. Returning after a year’s absence, he 

reéntered college, becoming a member of the Class of 1848, in which 

he graduated seventh in scholarly rank, a ®. B. K., and second marshal 

on class day. 

1 Reprinted from Technique ’97, 1896. 



248 Henry Saltonstall. 

It is not needful to dwell at length upon Mr. Saltonstall’s business 

career. It was from first to last marked by a masterly comprehension 

of affairs, by calm courage and decisive energy. He was for some 

years engaged in the East India trade, but when the outbreak of our 

Civil War made this line of business both unremunerative and hazard- 

ous he took up the work of textile manufacturing, to which he was to 

devote the remainder of his life. His first charge was the treasurer- 

ship of the Chicopee Manufacturing Company, a small mill, which he 

ran to its fullest capacity throughout the war, often by night as well 

as by day, with a double staff of operatives. When he left this mill, 

in 1880, it had doubled its machinery, and its shares had advanced to 

five times their price in 1862. Meanwhile, in 1876, Mr. Saltonstall 

accepted the additional charge of the well-known Atlantic Mill at 

Lawrence, then lying idle and in a condition rapidly going from bad 

to worse. Within six months after Mr. Saltonstall became treasurer 

the mill was running with a full force, and in spite of unfavorable 

business conditions a substantial profit had been made. Mr. Salton- 

stall’s success as manager of the two mills which have been named 

brought to him in 1880 an offer of the treasurership of the Pacific 

Mills in Lawrence, the largest and most important mills in this coun- 

try, if not in the world. The story of Mr. Saltonstall’s triumphant 

success in this great undertaking is common fame throughout Massa- 

chusetts and the whole textile manufacturing region of the United 

States. The condition of the mill was such as to require enormous 

expenditures — expenditures which, it might be said, were unprece- 

dented in this department of business — for the renewal and recon- 

struction of the machinery ; while the state of business in the woolen 

and worsted industry was such as to test to the utmost the courage 

and capacity of the new treasurer. No man ever rose more completely 

to the height of a situation. He restored the Pacific Mills to their 

former prestige, and won for himself a name among the very first of 

American captains of industry. To the close of his life he retained 

control of the affairs of this great corporation, having the fullest con- 

fidence of the stockholders and directors. Even while he was dying 

it was a source of inexpressible gratification to him that he was able, 

though with a faltering hand, to sign what he considered the most 

favorable report which, as treasurer, he had ever had occasion to 

render. The full story of Mr. Saltonstall’s business career, in all its 

varied aspects and with greatest amplitude of detail, would be most 
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instructive to the young men of the country; but our limits of space 

will not allow us to dwell longer upon it at this time. 
Mr. Saltonstall was married in 1855 to Miss Georgiana Crownin- 

shield, daughter of Hon. Nathaniel Silsbee, of Salem. An only child, 

a son named Gurdon, was born to them in 1856. In 1862 Mr. Salton- 

stall left Salem as a place of residence; and thereafter during the win- 

ters occupied his house on Commonwealth Avenue, Boston, one of the 

first houses built in that district, spending his summers on his beauti- 

ful estate in Lynnfield, ‘on the shore of Suntaug Lake. To the inex- 

pressible affliction of his parents, the son died in his twenty-second 

year. Early in his college career he had attempted a difficult canoe 

voyage, in which he had endured hardships and exposures which had 

brought on a fatal disease. After a long struggle for life, this only 

child of devoted parents «lied in the south of France in 1878. 

But it is Mr. Saltonstall’s relations to this school that the his- 

torian of ZYechnique has chiefly to relate. Mr. Saltonstall was elected 

to the Corporation of the Institute of Technology in 1885, and in 

May, 1887, became a member of the Executive Committee. From 

that time onward, until near his decease, he performed a part in the 

support and development of this school of industrial science which 

it would be impossible to overstate. His knowledge of business, his 

mastery of affairs, would alone have made him a useful member of 

the Committee ; but his splendid enthusiasm, his magnificent moral 

courage, his buoyant temper, which rose ever higher at the sight of 

obstacles and dangers, his uncompromising regard for justice, his 

sense of humor, his spirit of fun, all came in to make up that totality 

of faculties and qualities which rendered Henry Saltonstall an inval- 

uable counselor. No words will enable one who has not been inti- 

mately associated with Mr. Saltonstall to understand the uplifting 
influence of his presence, his words, and his example. 

Mr. Saltonstall’s years of service as a member of the Executive 

Committee of the Massachusetts Institute of Technology have become 

a part, not only of the history, but of the present life of the school. 

To separate what he did and what he was from what the Institute to- 

day is, would be as impossible as for Shylock to take his pound of 

flesh nearest to the heart without spilling the blood. He saw the 

school increase from six hundred students to twelve hundred. He 

saw building after building rise to make the new Institute. He re- 

joiced in it all. Of it all he was a part. As those years went on, his 
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affection for and devotion to the school, which he had helped to guide 

through so many difficulties and helped to guard against so many dan- 

gers, grew stronger. He frequently spoke of the Institute of Tech- 

nology as among his dearest interests in life; and it was with the 

deepest reluctance that in June, 1894, the progress of disease com- 

pelled him to relinquish his membership in the Executive Committee, 

though still remaining in the Corporation. On the third of December, 

in the same year, Mr. Saltonstall died at his Boston home, having for 

months borne great suffering with undaunted’ courage and fortitude. 
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AN APPARATUS FOR ILLUSTRATING PHASE-DIFFER- 

ENCES. 

By LOUIS DERR, M.A. 

Read February 13, 1896. 

WueEN an harmonic electromotive force is applied to a circuit of 

ohmic resistance FR, inductance ZL, and capacity C, there exists in gen- 

eral a phase-difference @ between the electromotive force and the 

resulting current, whose magnitude is expressed by the equation 

tan 0 = a ies 
R CRp 

in which / is a quantity equal to 27 times the number of alternations 

of the current per second. From this equation it appears that @ may 

be positive, negative, or zero, according to the relative magnitude of 

the two terms. If the circuit consists of an impedance coil, the 

second term is negligible, @ is positive, and the current is behind the 

electromotive force in phase; if the circuit contains a condenser only, 

the second term predominates, @ is negative, and the current is ahead 

of the electromotive force. 

To show these and other phase-relations on a scale suited to lec- 

ture-room illustration, the apparatus here described has been devised 

by the writer, its operation depending on the principle that when an 

electric current is sent through a wire lying perpendicularly across 

a magnetic field a force is developed which urges the wire at right 

angles to both the direction of the field and the current. A powerful 

electromagnet is mounted on an upright stone base, and a wire is 

stretched across the field between its poles. At the top of the appa- 

ratus the wire terminates in the free end of a light metallic hinge, to 

which a small mirror is cemented. The to-and-fro vibrations of the 

wire may be observed by a beam of light reflected from the mirror to 

a screen, the hinge preventing all lateral motion and twisting. The 

other end of the wire carries a tuning-pin and a device providing a 

slight angular motion of the whole wire for adjusting the mirror. 

An alternating current sent through the wire urges it alternately 

backward and forward, and if the tuning-pin is turned until the period 

of free vibration of the wire coincides with that of the current the 
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wire springs into vigorous and distinctly audible vibration, and the 

spot of light reflected from the mirror on the screen elongates into 

a vertical line. That this line is traced by the moving spot is easily 

shown by putting in the path of the reflected beam a mirror revolving 

about a vertical axis, and thence reflecting to the screen. On turning 

the second mirror the successive positions of the spot fall in different 

verticals, and the result on the screen is a very perfect sine-curve, a 

faithful representation of the vibrations of the wire. Figure 1 shows 

the arrangement of mirrors, using two wires. 

With two such wires the observation of the phase-difference be- 

tween two currents is easily made. With everything at rest, the mir- 

FIG. 1. 

rors are adjusted until the spots of light reflected on the screen are 

coincident. If now the wires are connected into separate circuits 

carrying currents, the lines of light on the screen remain superposed, 

the one corresponding to the stronger current appearing slightly longer 

than the other. On turning the revolving mirror any phase-difference 

between the currents is at once shown by the horizontal displacement 

of the lagging curve past the other, exactly as text-book diagrams of 

such curves are drawn. 

To observe phase-differences between voltage and current under 

various conditions, one wire is connected to the terminals of the given 

circuit through a suitable non-inductive resistance. The resulting 

current will then be sensibly in phase with the applied electromotive 

force, and the curve on the screen may be taken as representing the 

changes of the electromotive force itself. The other wire, shunted if 

necessary, carries the current to be studied. One of the curves on 

the screen may be colored and thus identified by putting a slip of 





w
o
r
s
e
 

T
e
 



An Apparatus for Illustrating Phase-Differences. 253 

colored glass in front of the corresponding mirror. The phase-rela- 

tions between voltage and current in circuits of different character 

may be conveniently compared by using a three-point switch and con- 

nections as shown in Figure 2, where Z represents an impedance coil, 

R a non-inductive resistance, and C a condenser. The circuits can 

thus be interchanged as rapidly as de- 

sired ; and the instant shifting of the 

curves on the screen, corresponding to 

the character of the circuit employed 

and agreeing with the conclusions of a 

preceding paragraph, is quite striking. 

With the apparatus here shown a cur- 

+ 

rent of one ampere in the wire and a 

total length of about thirty feet in O 

the reflected beam give curves on the 

screen of two feet amplitude. 

The angular relations between the 

currents in a polyphase circuit may be Voltage. Curlrent. 

shown to an audience if the necessary 

number of mirrors is employed; the 

reactions of condenser and impedance + 

coil upon each other in a circuit ad- Wie a: 

justed for resonance may be illustrated 

if a high-voltage condenser of large capacity is available; and the 

phase-relations between the primary and secondary voltage and cur- 

rent of a transformer may be demonstrated. Figure 3 shows two-wire 

and three-wire apparatus, together with the 17-microfarad condenser 

and color-screens used in the experiments. A foot rule is also photo- 

graphed to show the size of the instruments. Exact dimensions are 

not given, as the size of every part may be varied within wide limits. 

It sHould be stated that the results given by the apparatus in its 

present form are not quantitatively accurate within several per cent., 

especially if the currents in the wires are not truly sinusoidal! The 

discrepancies between calculated phase-differences and those observed 

with the apparatus, while unfitting it for precise measurement, do not, 

however, interfere with its usefulness as an instrument for purposes 

of illustration. 

ROGERS LABORATORY OF PHYSICS. 

September, 1896. 

* Thesis of Messrs. Fish and Libby, 1895. 
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ON THE HYDROLYSIS OF FERRIC CHLORIDE. 

By H. M. GOODWIN, Pu.D. 

Received August 8, 1896. 

Read at the Buffalo Meeting of the American Association, September, 1896. 

INTRODUCTION. 

TueE following article contains the results of some experiments 

made during the summer of 1895 on the changes which take place 

in a neutral ferric chloride solution when suddenly diluted. I was led 

to this investigation during the course of some experiments on its 

electrical conductivity. It was observed that, when a series of meas- 

urements of the conductivity were made in the usual way in an Ar- 

rhenius cell, at a dilution of about a thousand liters (v = 1,000) a 

constant setting on the bridge could no longer be obtained. The 

conductivity slowly, but unmistakably, increased with the time, while 

at the next dilution (v = 2,000) this increase became very rapid. I 

find this phenomenon has also been observed and described in a note 

by Foussereau.!_ I also observed that the solution, which when first 

diluted was practically colorless, rapidly turned reddish yellow, deep- 

ening to a reddish brown.2 This color reaction was no less marked 

than that accompanying the change in conductivity. Indeed, when 

1 cc. of a o.1-normal solution is diluted to a liter, one might hope, 

with a good colorimeter, to. follow it colorimetrically. A 0.00o1-nor- 

mal solution, which was practically colorless on first dilution, became 

within half an hour much deeper in color than a 0.0I-normal solu- 

tion which had stood for days. That the changes in color and con- 

ductivity are allied phenomena was evident, and the reaction seemed 

so interesting that I determined to study it further. In the follow- 

ing experiments the velocity of the reaction taking place on diluting 

1 Foussereau, C. R., 103, 42 (1886). 

2Since the greater portion of this paper was written an article has come to my notice 

in the Gazetta Chimica Italiana, 23, 1 (1895), by Antony and Giglio, in which the color 

phenomena of dilute neutral ferric chloride solutions are studied. 
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a solution of ferric chloride with varying amounts of water is fol- 

lowed by measuring the conductivity of the solution at different 

times. The reaction which probably takes place will be considered 

later in the light of the experimental results which were obtained. 

EXPERIMENTAL RESULTS. 

All measurements were made in a large thermostat maintained 

at a constant temperature of 25° C. The variations of temperature 

during a run of several days’ duration were not greater than 0.2°— 

0.3°.. When a discontinuous run was made, and the temperature 

allowed to fall, the results are so indicated. The conductivity was 

measured by the usual Kohlrausch method. For the more concen- 

trated solutions, in which the reaction could be followed at leisure, 

the solutions were made up and kept in glass-stoppered bottles which 

had previously been thoroughly steamed to dissolve out as much sol- 

uble matter in the glass as possible. When a measurement was to 

be made a portion was poured into the conductivity cell of the Ar- 

rhenius form. This procedure was impossible for very dilute solu- 

tions, in which the velocity of the reaction was great at the start. 

For this purpose I used 500 cc. wide-necked bottles, which had been 

previously steamed, as measuring cells; the electrodes were firmly 

fixed in a piece of vulcanite, which was held in position by a large 

rubber stopper. The capacity of this cell was determined under ex- 

actly the same conditions as regards position of electrodes, quantity 

of solution, etc., as in the measurements themselves. If it was de- 

sired to dilute a solution five hundred times, 499 grams of pure water 

were weighed out in the bottle, placed in the thermostat, and allowed 

to assume the constant temperature as indicated by a constant conduc- 

tivity. i cc. of the solution, also at 25°, was then run in, at a noted 

time, by a carefully calibrated pipette, the bottle closed with a ground- 

glass stopper and vigorously shaken, the electrodes instantly replaced, 

and a measurement taken as quickly as possible. The operation of 

diluting, shaking, and making a measurement took from three quarters 

of a minute to a minute. The temperature of so large a mass of 

liquid did not appreciably change during the few instants’ shaking, so 

that with rapid work a reliable initial measurement could be obtained 

within a minute after the dilution. The frequency of the readings 

following depends on the velocity of the reaction and the minuteness 

with which it is desired to follow it. For convenience, the conduc- 
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tivity method, when applicable, is unsurpassed for following the course 

of a reaction, as no further manipulation is necessary than reading 

the position of the minimum from time to time. 

For the neutral ferric chloride solution with which the following 

experiments were made I am indebted to Dr. A. A. Noyes, the solu- 

tion being a part of that used by him in his investigation on the 

“Velocity of the Reaction Between Ferric Chloride and Stannous 

Chloride.” ? Analysis showed the solution to be neutral and 0.303 

molecular normal. It had stood over six months when analyzed, and 

was of a deep yellowish-red color. In what follows, the concentration 

of all solutions is expressed in gram molecules per liter unless other- 

wise stated, and the word normal is to be understood in that sense. 

I give, in the first place (Table I), the results of a duplicate series 

of measurements of ferric chloride for concentrations from 0.101I- to 

0.001 58-normal, the dilutions being made in the usual manner in an 

Arrhenius cell. The conductivity is expressed in mercury units. 

Nothing abnormal was noticed in these measurements, the conduc- 

tivity reaching a constant value when the temperature became con- 

stant within a few minutes after each dilution. The color of the so- 

lution became fainter and fainter with each successive dilution. On 

attempting to make the next and all following dilutions the phenom- 
enon already described first made itself evident. 

TABLE I. 

Conductivity of FeClg at 25° C. 

D nation. Coucentension. Molecular conductivity. Mean. Equivalent conductivity. 

v 

9.90 0.1010 244.3 
244 5 244.4 81.5 

19.80 0.0505 290.0 
290.3 290.2 96.7 

39.6 0.02525 339.0 
338.8 338.9 113.0 

79.2 0.01263 390.5 : 
391.1 390.8 130.3 

158.4 0.006315 445.2 
444.6 444.9 148.3 

316.8 0.003158 498.5 
499.3 498.9 166.3 

634.0 0.001579 545.0 
545.6 545.3 181.8 

1 Noyes, Zeitschrift fiir physikalische Chemie, 16, 546 (1895). 
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Tables II to VII, inclusive, contain the results of measurements of 

the increase of the electrical conductivity with the time, for solutions 

varying in concentration from 0.002422- to 0.00010I-normal. For so- 

lutions stronger than 0.0012-normal it was found advantageous to 

make the dilutions in bottles and to transfer a portion to the con- 

ductivity cell when a measurement was desired. As will be seen 

from the figures, the reaction did not begin with these solutions 

until after the elapse of a considerable time, so that the reaction 

could be followed: at leisure. For very dilute solutions the dilution 

and measurements were made in the large bottles already described. 

It was found impossible to get reliable initial values for dilutions 

greater than about 0.000I-normal, as in such solutions the initial 

velocity of the reaction became enormous. 

TABLE II. 

Conductivity of FeCls, 0.002422-normal at 25°. (2 cc. of 0.303-normal diluted to 250 cc.) 

Time. Molecular conductivity. Equivalent conductivity. Remarks. 

h. m. 

May 2) 21°45 {| # # # acae «§  E Sess Diluted. 
ae 1l 46 519.0 173.0 Solution slightly yellow. 
_ 12 0 519.0 173.0 
ie 12 15 | 519.6 173.2 
oes. 12 30 | 521.4 173.8 
= Lis | 529.8 176.6 
ples) oe 544.2 181.4 Color began to deepen. 
“ “1 @ 35 561.9 187.3 
oy | 2 45 582.9 194.3 
ee ae 603.0 201.0 

“| 3¢ | 621.3 207.1 
— > ee 639.9 213.3 

soe | 4 45 652.5 217.5 
: 25 | 12 0 | 787.2 262.4 
“ 99 4 0 894.3 298.1 . ee fell to room 

temperature. 
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Conductivity of FeCls, 0.0o1211-normal at 25°. 
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TABLE III. 

(1 cc. of 0.303-normal diluted to 250 cc.) 

Conductivity of FeCls, 0.000802-normal at 25°. 

Time. Molecular conductivity. | Equivalent conductivity. Remarks. 

h. m. 
May 23 4 0 ry a) ee oe Diluted. 

= 4 1 556.5 185.5 Solution nearly colorless. 
slate 45 556.5 185.5 
sellin: 4 10 555.9 185.3 
yds 4 15 557.4 185.8 
eats 4 20 558.0 186.0 
ea 4 30 563.7 187.9 
shite: 4 45 577.5 192.5 Color begins to increase. 
Sie A Te Soe 596.1 198.7 
hes Ya vo 649.5 216.5 
Cy Bie 690.0 230.0 
sedan: 6 30 722.1 240.7 
ie pes: ki, 747.9 249.3 
a ae 768.0 256.0 
oi eee 8 0 784.8 261.6 
saben 9 0 811.5 270.5 
pened ie | EE | 835.8 278.6 
oe | 5 0 901.8 300.6 Very deeply colored. 
a ee Temperature was kept at 25° 

25 5 0 928.2 309.4 only during measurements 
adh 3 4 0 1,011.0 337.0 from here on. 

June 3| 5 O 1,053.0 351.1 
* a2 | 5. 93 1,070.0 356.6 
“20 | 3 0 1,080.0 360.0 

TABLE IV. 

(1 cc. of 0.303-normal diluted to 375 cc.) 

Time. | Molecular conductivity. | Equivalent conductivity. Remarks. 

| hb. ms 
May 30/12 0 eainie Sree Diluted. 
one dee ee 579.6 193.2 Solution practically colorless. 
ab | A 579.6 193.2 
ees 12 4 579.3 193.1 
es ae. 5 580.5 193.5 
see. 6 581.7 193.9 

2 15 589.8 196.6 
2 30 633.0 211.0 Color begins to deepen. 
2 45 681.9 227.3 
rs 732.0 244.0 
1 30 780.0 260.0 
2 0 821.4 273.8 
3 0 874.5 291.5 
4 0 905.0 301.8 

iS: 2 919.0 306.3 
5 30 ,009. 336.2 Deep reddish yellow. 

| 4 0 ,051. 350.3 
2 

ee 
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TABLE V. 

Conductivity of FeCls, 0.000606-normal at 25°. (1 cc. of 0.303-normal diluted to 500 cc.) 

Time. | Molecular conductivity. | Equivalent conductivity. Remarks. 

| h. m. | 

May 30 | 11 30 antes ivesd Diluted. 
e «| ae 591.6 197.2 Solution colorless. 
oS 1l 32 591.6 197.2 
or ee li 3S 592.2 197.4 
* ll 34 592.8 197.6 
ee -) Oa 594.0 198.0 
ote 11 39 599.2 199.8 
“ ¢ ll 45 619.5 206.5 Begins to turn yellow. 
= ll 50 639.0 213.0 
is VW 55 666.9 222.3 
vol Ge 12 12 738.0 246.0 
~ = | 12 40 780.0 260.0 
co : 0 854.0 284.7 
+. ae) ae 905.0 301.6 
+ ¢) 2 ae 942.0 313.9 
« « | 3 40 979.0 326.3 Deeply colored. 
ts 4 37 998.0 332.5 

Jone 1) 5 @ 1,061.0 353.6 
“ 421 £3 1,090.0 363.4 
“ 2) 2:0 1,132.0 RW Pe 
« 1 30 1,137.0 379.0 

TABLE VI. 

Conductivity of FeCl, 0.000303-normal at 25°. (5 cc. of 0.03-normal diluted to 500 cc.) 

Time. Molecular conductivity. | Equivalent conductivity. | Remarks. 

| 
| h. m. 

July 4 | 12 35 eee eee Diluted. 
“ & Solution colorless. Begins 

| 12 % CS mas } to turn yellow immediately. 
S . 12 37 635.7 211.9 
« «| 12 39 712.8 237.6 
* + oe 735.6 245.2 
“ «¢) 3 4 813.0 271.0 

“| 12 5 860.C 286.6 
.~) oa 893.0 297.7 
2 2 oe 915.0 305.0 

| 2, 22 951.0 317.0 
1 20 977.0 325.7 
1 50 1,019.0 339.7 
2 50 1,054.0 351.3 
3 36 1,070.0 356.7 
4 % 1,081.0 360.3 
* 5 1,085.0 361.7 
2 0 1,107.0 369.0 
1 1,118.0 
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TABLE VII. 

Conductivity of FeCls, 0.coo1or-normal at 25°. (1 cc. of 0.0303-normal diluted to 300 cc.) 

Time. | Molecular conductivity. | Equivalent conductivity. | Remarks. 

h. m s. ' 

July 4 | 1 30 =< oe Diluted. 
eet) SeeiaG 759 253 Solution colorless. 
oS Ba oa 819 273 
4. 98 f asoe 837 279 
6 «ly 33 885 295 pong became perceptibly 

yellow. 
Sa eee 924 308 
eh ES 948 316 
yaiedah eat) 981 327 
-, | ae 1,008 336 
itmecal Ga 1,038 346 
leit |e eee, 1,074 358 
te 1,095 365 

o eee 1,101 367 
ee 1 oe 1,107 369 
St a ae 1,107 369 Solution reddish yellow. 
eso. PR ao 1,110 370 
*.6-} 130 1,107 369 

The course of the reaction which here takes place and its de- 

pendence on the dilution is best seen from the curves (Figure 1) 

representing the results given in Tables II to VI. 

Here the molecular conductivity is plotted as ordinates and the 

corresponding times as abscisse. A consideration of the curves 

shows that: 

first. The molecular conductivity of dilute solutions increases 

with the time. 

Second. The rate of increase increases very rapidly with the dilu- 

tion. These conclusions agree with Foussereau’s statement, but as 

he gives no data a numerical comparison cannot be made. 

Third. ‘The increase in the conductivity does not begin at once 

on dilution, but only after the lapse of a certain time. 

Fourth, The time required to start the reaction increases very 

rapidly with the concentration. Thus the reaction, as indicated both 

by increase in conductivity and change of color, begins only after the 

lapse of I minute for a 0.0006-normal solution, 15 minutes for a 0.0012- 

normal solution, 45 minutes for a 0.0024-normal solution. 

Fifth. The time required for the solution to reach a state of 

equilibrium increases enormously with the concentration. Thus a 

0.000I-normal solution (Table VII) requires but three hours, while a 

0.0006-normal solution (Table V) requires over a week. 
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330 

310 

e 

218 

190 

170 

150 

Hours. 

FIG. 1. 

Sixth. The reaction when once started progresses slowly at first, 

then more and more rapidly up to.a certain point where a maximum 

rate is reached, and then more and more slowly, until finally it ceases. 

The remarkable inertia of the reaction and its great dependence 
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on the concentration is more strikingly shown in Table VIII, which 

contains measurements of still more concentrated solutions. Here it 

will be seen that as the concentration increases the solution remains 

clear and only slightly colored, and its conductivity is constant for 

days before any change is noticed. And here, too, another phenom- 

enon not previously observed with dilute solutions manifests itself. 

The change in conductivity and color is accompanied by a turbidity 

of the solution, which gradually increases in the more concentrated 

solutions to a heavy, yellowish precipitate. I thought at first that 

this might be due to the action of soluble matter in the glass bot 

tles in which. the solutions were kept. I accordingly repeated the 

experiments, using flasks of thoroughly steamed, hard Jena glass, but 

with the same results. The formation of the precipitate, which is 

probably the oxychloride, is therefore independent of the vessel in 

which the solution is kept. Owing to the formation of this precipi- 

tate and resulting uncertain change in concentration of the solution, 

it was thought useless to follow the changes in these solutions until 

they reached a state of equilibrium. Only in very dilute solutions — 

less than 0.0025- to 0.003-normal —can this be done with any degree 

of certainty. 

The zuztial values given in Table VIII are, however, reliable 

measurements of the conductivity at the respective dilutions, and 

fall almost exactly on the curve representing the initial values 

given in Tables I to VI. 

TABLE VIII. 

Molecular Conductivity of FeCl at 25°. 

| | 
Concentration. | ¢= 0. | z= 1 day. | #= 2 days. | ¢= 3 days. | ¢ = 4 days. ¢ = 14 days. 

| | | 

0.0303 | 327.6 327.6 327.0 327.9 328 2 390.0 
| Clear. Clear. Clear. Clear. Clear. Very turbid. 

377.7 376.2 377.1 377.1 392.4 nies 
Clear. Clear. Clear. Clear. Slightly turbid. |} Very turbid. 

Clear. Clear. Very turbid. | Very turbid. | Very turbid. 

485.4 636.0 708.0 729.0 secesa Gl eee 
Clear.| Slightly turbid.) Turbid. Turbid. sine nts ovcee 

534.3 810.0 855.0 882.0 Risin ’ 
Clear. Clear. Clear. Clear. Clear. Clear. 

0.00758 i 432.3 432. 3 504.9 532.5 563.4 
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EXPLANATION OF RESULTS. 

The following explanation of these results, which is the most 

plausible which has suggested itself, is the outcome of the discus- 

sion of the preceding data with my friend, Dr. A. A. Noyes, whose 
valuable suggestions it is a pleasure to acknowledge here. 

Ferric chloride is, as is well known, more or less hydrolyzed in 

aqueous solution, the amount of hydrolysis depending on the dilution. 

When a concentrated solution in which the hydrolysis is small is 

wo a J 

250 

i. 
Fic. 2. 

suddenly diluted, instantly and simultaneously with the increase in 

electrolytic dissociation further hydrolytic dissociation takes place, 

the ferric ions uniting with the hydroxyl ions of the water. It will 

be seen later, however, that there is good reason to believe that this 

hydrolysis does not result in the formation of electrically neutral ferric 

hydrate (FeO,H,), which is probably a strongly dissociated base, but 

in the formation of the bivalent ion FeOH resulting from its disso- 

ciation. That is to say, the @ priort not improbable assumption is 

here made that, as in the case of polybasic acids the successive 
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hydrogen ions dissociate less and less readily, so in the case of 

this polyacidic base the first and also the second hydroxyl ion 

splits off in dilute solution nearly completely, and it is only the 

bivalent basic ion FeOH which is slightly enough dissociated to 

give rise to hydrolysis. As already stated, an a fosteriori justifica- 

tion of this assumption is furnished by the experiments themselves. 

The result on first diluting the solution is, therefore, that the 

hydrolytic reaction Fe + H,O = FeOH + H takes place, and the 

conductivity of the solution is thereby increased by an amount pro- 

portional to the difference of the velocity of migration of the hydro- 

gen and ferric ions. Consequently the initial electrical conductivity 

must increase more rapidly than can be accounted for by increasing 

electrolytic dissociation alone. That this is the case is seen by ref- 

erence to Figure 2, in which the initial values of the equivalent con. 

ductivity are plotted as ordinates and the cube root of the concen- 

trations (c ) as abscisse. If we further assume that the FeOH-ions 

are colorless, or nearly so, then on first diluting a solution the color 

will simply become fainter and fainter in proportion to the decrease 

in concentration. 

To explain now the further increase of conductivity with the time - 

and the attendant change in color of the solution, we have only to 

assume that the deeply colored colloidal ferric hydrate described by 

Graham! is gradually formed according to the reaction 

«Fe(OH), = (FeO,Hs),, 

or what amounts to the same thing: 

xFeOH + x20H = (FeO,H,),. 

It is assumed, for simplicity, that the colloidal hydrate is a polymer 

of the theoretical formula, although the experiments of Maguier de 

la Source? and Sabanejeff*® indicate that the probable composition 

is FeCl,x(FeO,H,), x being very large, however, compared to unity. 

This reaction is, for the dilutions investigated, practically non-revers- 

ible. Krecke* found that for solutions less than 1 per cent. this was 

the case. 

? Graham, Liebig’s Annalen, 121, 46. 

2 C. R., go, 1352. 
3 Sabanejeff, Chemisches Centralblatt, 1, 11 (1891). 

4 Krecke, Jour. pract. Chem. (2), 3, 286. 
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Since the equilibrium of the true hydrolytic reaction is determined 

by the concentration of the Fe(OH), molecules or of the FeOH-ions, 

and not of the polymerized molecules, as fast as the former is dimin- 

ished by the colloidal reaction further hydrolytic dissociation must 

take place, and hence the conductivity must increase. Moreover, 

since the velocity of the colloidal reaction depends primarily on the 

amount of hydrolyzed salt, it too must increase with the dilution, as 

was also found to be the case. 

The remarkable initial lag in the reaction is most probably due 

to the fact that the reaction product itself, the colloidal hydrate, 

accelerates the reaction in the same way, perhaps, that the velocity 

of crystallization from supersaturated solutions increases as the num- 

ber of crystal centers themselves increase. Consequently the velocity 

becomes at first greater and greater as the reaction progresses, owing 

to the increase in the amount of colloidal ferric hydrate present, but 

later reaches a maximum, and finally decreases, owing to the diminu- 

tion in concentration of the substance undergoing the reaction (the 

FeO,H, or FeOH). 
The fact that the reaction takes place so much more rapidly in 

dilute solutions is due to the much larger proportion of FeOH or 

FeO,H, which these contain. The speed in dilute solutions is, 

moreover, also greatly increased by reason of the fact that the 

greater amount of colloidal ferric hydrate produced from the cause 

just mentioned, itself enormously accelerates the reaction; for the 

acceleration of this reaction by any cause is itself a secondary cause 

of a further acceleration. 

CALCULATION OF THE HypDROLYTIC DISSOCIATION. - 

If the preceding explanation of the time increase of the conduc- 

tivity of dilute solutions of ferric chloride is true, it is clear that we 

must distinguish between the initial and final value of the hydrolysis 

in computing its value. Reasoning from the results obtained, it would 

seem probable that with concentrated solutions the colloidal reaction 

would practically begin only after an infinite time. To test this con- 

clusion, I made up and measured a fresh solution of neutral ferric 

chloride, as follows: An approximately 0.03-normal solution, made up 

by dissolving 2.5660 grams of especially sublimed ferric chloride in 

500 cc. of water. The solution was of a clear light-yellow color. 
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Subsequent analysis showed the solution was 0.0310I-normal with 

respect to iron, and 0,03084-normal with respect to chlorine. It was 

assumed neutral and equal to 0.0309-normal. 

The conductivity of this solution and of a portion diluted ten times 

was measured within ten minutes after making up. The values ob- 

tained were w = 324.0 and w = 499.5, respectively, whereas the 

values interpolated from Figure 2 for the same concentrations were 

# = 323 and w = 498. The agreement is complete. It is proved, 

therefore, that there was no appreciable amount of colloidal hydrate 

in the original 0.3-normal solution with which the preceding experi- 

ments were made, although it had stood over a year, and that the 

values given in Table I truly represent the initial conductivity at 

the given dilutions. 

Let us now suppose that at a given dilution one molecule of ferric 

chloride is a per cent. electrolytically dissociated according to the 

reaction 

FeCl, soo Fe + gt, 

and 8 per cent. hydrolytically dissociated according to the reaction 
+ + + - 

FeCl, + H,O = FeOH + H -+ 3C1. 

The solution will therefore contain 1 — a — 8 molecules of undis- 

sociated ferric chloride, a ferric ions, and 8 FeOH-ions. A knowledge 

of a and 8 will, therefore, completely determine the nature of the 

solution. Of the molecular complexes present, only the ions contrib- 

ute to the conductivity of the solution. If #, w', w'’, and v are the 
+ + 

velocities of migration of the ferric, hydrogen, FeOH, and chlorine 

ions, respectively, then the equivalent conductivity of the solution is 
siven b 

or 2u" + wu! + 3u 
B= a(u + v) + a( ; \ I) 

On the other hand, the total number of molecular complexes 7 will 

determine the lowering of the freezing point of the solution; i.2., 

I1—a—B8-+ 4a + SB. (2) 

1+ je + 46.. 

We have here two independent equations for determining a and 8, 

provided mw and z are measured and the remaining quantities in (1) 

are known. Of these, the velocities of migration of the ferric and of 

; 

I Il 
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the FeOH-ions have not been determined. We may, however, by 

analogy, and with the help of the principle that the rates of migration 

of all such ions are of the same order of magnitude, estimate their 

values with sufficient accuracy. We will assume them equal to each 

other, and that the numerical value at 25° is 50.1 Taking Ostwald’s 

values of 70 and 325 for chlorine and hydrogen, respectively, (1) may 

be written 
w= 120a + 2128, (1a) 

and 

om Ss 1 SR (3) 
3 3 

Hence, solving for B: 

b z7— I 
fo 231( a 3 \ (4) 

a and B can be computed by this method only for those concentra- 

tions at which both freezing point and conductivity measurements are 

possible. It will be seen, however, from the following table that the 

values of a and 8 computed in this way give for the total dissocia- 

tion of the salt, 2 ¢, y = a -+ 8, very nearly the same values as 

found for barium chloride, a typical binary salt. I have therefore 

calculated 8 for the dilute solutions where reliable freezing-point 

data are not obtainable, on the assumption that the amount of un- 

dissociated ferric chloride present at each dilution is the same as the 

amount of undissociated salt in the case of the bivalent chlorides. 

Substituting a = y — 8B in (1a), we get wh = 1207 + 928, or B = 
== 120 

92 

of -“_ for barium chloride. 
Fen 
For measurements of the lowering of the freezing point { have 

to thank the kindness of my friend, Dr. Harry C. Jones, who meas- 

ured several solutions, made up from my stock solution, by his well- 

known method.? His results are given in Table IX. 

y, from which 8 is calculable at once by giving y the values 

*The mean of the velocities of migration of copper, zinc, and magnesium ions are 
about two units greater than that of sodium from Kohlrausch’s values of ,, for these 

sulphates of these metals; and as, so far as the meager measurements on ferrous chloride 

and sulphate show, the ferrous ion (and, presumably, also the ferric ion) moves even slower 
than the above-mentioned bivalent ions, we may assume as a probable upper limit for velocity 

of migration of the ferric ion a value a little greater than that of sodium. The latter at 
25° is 49, hence the approximate value 50 assumed. 

* Zeitschrift fiir physikalische Chemie, 11, 529 (1893). 
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TABLE IX. 

Lowering of Freezing Point of FeCl. 

Grams in liter. (leleceler artal. Observed lowerings. — 

1.7858 0.0110 0.0808° 7.35 
3.9369 0.0242 0.1670° 6.90 
5.990 0.0369 0.2455° 6.65 
8.9291 0.0550 0.3434° 6.24 
10.7555 0.0663 0.4101° 6.18 
13.3936 0.0825 0.4928° 5.97 

From these values I obtained, by graphic interpolation, the values 

of the molecular lowering JZ, and hence the values of 7 = Me for 
1.88 

the dilutions indicated in Table X. Column 1 contains the con- 

centration in gram-equivalents, Column 2 the value of z, Column 3 

the equivalent initial conductivity Ht. Column 4 the value of / for 
Feo 

barium chloride, Columns 5, 6, and 7 the values of a, B, and y=a + 

8, computed as explained above. In Column 8 is given the value of 

8’, computed on the assumption that the hydrolysis takes place ac- 

cording to the reaction FeCl, + 3H,O = Fe(OH), + 3H + 3Cl, 

in which case equations (3), (4), and (§) become, respectively, 

i—I 
od — 28, 

3 

ae ee foe 
es 35 3 3 ), 

1 — & — 1207 

ali 275 

The figures can be regarded as approximate only, being undoubtedly 
subject to an error of several per cent. They indicate, however, the 

probable way the true /ydrolysis takes place, and give an approx- 

imate measure of its amount. 
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TABLE X. 

.~ — My. — | « | # y p. 

0.30 3.084 | 82 70.5 73 —3 70 | —1 
0.15 3.3¢4@ | 97 77.2 77 2 9 | +1 

0.075 3.669 113 79.4 74 11 g | 4 
0.030 3.916 136 86.6 50 37 87 | 12 
GOS [sete 155 88.2 35 53 | 18 

0.0075 sles 171 90.8 24 67 | 22 

0.0030 | sass 190 94.2 10 8 . 28 
0.0015 |... 199 95.8 5 a ” 31 

Thus inspection of the values of §’ shows that, on the assumption 

that the hydrolyzed hydrate is undissociated, the hydrolysis even in 

a 0.0015-normal solution is only 31 per cent., and that it becomes 

nearly constant, or increases only slowly with the dilution, a conclu- 

sion which is absurd. On the other hand, if we assume the hydrol- 

ysis to take place according to the reaction 

FeCl, + HO = FeOH + H + 3C), 

the hydrolytic dissociation, which is practically zero for a 0.3 equiva- 

lent normal solution, rapidly increases with the dilution, as we should 

expect, becoming practically complete at a dilution something beyond 

1,000 liters. That the effect of the colloidal reaction is to remove 

the FeOH-ions from the solution, according to the reaction assumed, 

is shown by the fact that the fiza/ values of the conductivity (see 

Tables IV to VII) after the colloidal hydrate has formed become 

as great as 370, 2. e., they approach, and nearly reach, the value .395 

Of 4, for hydrochloric acid. The value of @' calculated for this 

final value of the conductivity is about 93 per cent., showing that 

93 per cent. of the ferric ions have been removed from the solution; 

in other words, that all of the hydrolyzed salt (91 per cent.) present 

on first dilution as FeOH-ions has gone over into the colored col- 

loidal molecular complex. 

Antony and Giglio, in the paper already referred to at the begin- 

ning of this paper, have studied the change between the initial and 
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final condition of dilute ferric chloride solutions by comparing col- 

orimetrically the intensity of blue color produced when potassium 

ferrocyanide was added to the solutions before and after the col- 

loidal reaction had taken place. As their solutions were allowed to 

assume their final condition at about 12° C., and as the colloidal 

formation increases very rapidly with the temperature, a comparison 

of their values with the above results is impossible. Thus they 

found a solution 0.00005-normal to be completely changed to col- 

loidal hydrate after forty-eight hours. Table VII shows this to be 

practically the case with a 0.000I-normal solution at 25° after three 

hours. 

RoGERS LABORATORY OF PHYSICS, 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 

June, 1896. 
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ON AN IMPROVEMENT IN THE SEDGWICK-RAFTER 

METHOD FOR THE MICROSCOPICAL EXAMINATION 

OF DRINKING WATER. 

By DANIEL D. JACKSON, S.B. 

Received September 24, 1896. 

THE microscopical examination has assumed an important réle in 

the regular analysis of drinking water since the discovery that many 

of the disagreeable tastes and odors often met with in waters exposed 

to the sunlight are due to the presence of certain minute plants or 

animals. Besides this important feature, the results obtained by the 

microscope often throw a considerable light upon the character of 

the organic matter contained in the water. 

The gradual development of the microscopical examination of 

water and the improved methods employed during recent years are 

fully described by Professor William T. Sedgwick in “A Report of 

the Biological Work of the Lawrence Experiment Station.” 1 The 

method finally decided upon, and which has come to be generally 

known as the Sedgwick-Rafter? Method, has been in use in the reg- 

ular examinations of the water supplies of Massachusetts by the 

State Board of Health since November 6, 1890. Since that time 

over 11,000 quantitative microscopical analyses of water have been 

made in the State Laboratories at the Massachusetts Institute of 

Technology. 

Briefly, the method employed is as follows: A definite quantity of 

water (usually 250 cc. for a surface water) is filtered in an ordinary 

chemical filter funnel through a small quantity of clean Berkshire 

sand. The sand selected is that which passes through a 60-mesh 

sieve, and will not pass through one having 120 meshes to the inch. 

The organisms remain behind on the surface of the sand, whijle 

the water passes through a hole in the rubber stopper at the bottom 

‘ Report of Massachusetts State Board of Health, 1890, Part II, page 792. 

?“ Microscopical Examination of Potable Water,” by George W. Rafter, Van Nostrand 

Science Series, 1892. 
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of the funnel. The hole is covered by a piece of fine bolting cloth to 

keep the sand in place. After the water has entirely filtered through, 

the sand is washed down into a test-tube by § cc. of water free from 

organisms. 

After shaking thoroughly, the water containing the organisms is 

quickly decanted from the sand into another test-tube. The micro- 

organisms are then thoroughly distributed by blowing into the water 

through a pipette, and I cc. is taken for examination and placed ina 

covered cell such as is shown at the bottom between the two filter 

racks in the accompanying illustration. 

The cell is 50 mm. long by 20 mm. wide, and is everywhere just 

I mm. deep. The microscope is graduated so that each field exam- 

ined equals I sq. mm., and as the cell is 1 mm. deep, a cubic millime- 

ter of water is examined in each field. Twenty such fields are exam- 

ined, and if the amount originally taken is 250 cc., the sum total of the 

organisms found will be the number in I cc. of the water; for 25% 

= 50 cc. is the amount represented by the entire contents of the cell, 
and ;295 = #5 equals the fraction of the contents examined. 

Mr. G. N. Calkins, in a paper on “The Microscopical Examina- 

tion of Water,’ ® gives a detailed description of the Sedgwick-Rafter 

Method, and of the possible sources of error which may enter into the 

microscopical analysis by this method. 

Mr. Calkins says: “The sloping sides of a glass funnel offer a 

surface for the settling of organisms, and the error arising in this 

way may be considerable. A water free from amorphous matter and 

zoégloea will filter very accurately, but a water containing these gives 

opportunity for error.” This is undoubtedly due to the jelly-like 

character of the zodgloea, and to the fact that, while adhering to the 

funnel sides itself, it also retains with it other organisms. 

It has been the experience of the writer that not only does amor- 

phous matter and zoégloea readily adhere to the sides of the ordinary 

glass filter funnel, but the same is true of the gelatinous growths of 

the Cyanophycez and of the flocculent threads of Crenothrix. 

In order to obviate this source of error as far as possible, consid- 

erable time and attention have been expended upon the construction 

of a new glass filter funnel which should offer to the organisms during 

filtration the minimum amount of surface friction. 

> Report of Mass. State Board of Health, 1891, p. 395. 
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It was found that the bore of the filter regulated to a large extent 

the rate of filtration. If the narrow tube at the bottom of the filter 

is increased in size, the surface of the sand in contact with the water 

is naturally increased and the rate of filtration is more rapid. With 

increased rapidity of filtration comes a diminished efficiency of the 

filter. On the other hand, if the bore is made too small, the rate of 

filtration is so slow as to entail a serious loss of time. 

The filters shown in the accompanying photograph are those finally 

decided upon as being the most efficient. They are arranged in sets 

or ‘batteries’ of six, in order to be easily handled, but each funnel 

can be removed from the rack when necessary. The inside diameter 

of the top of the funnel is 2 inches, the distance from the top to 

the beginning of the slope is 9 inches, and the length of the slope 

is 3 inches. The tube of small bore at the bottom is 2} inches long 

and } inch in inside diameter. 

The funnel should be made of comparatively thin glass, so that 

after the small tube is joined to the bottom annealing can be effect- 

ively accomplished. The capacity is such that 500 cc. of water may 

be filtered at once. 

A rubber stopper with a small hole through the center is tightly ‘ 

fitted to the bottom of each filter funnel, so that no air space remains 

between the rubber and the glass. Over the hole in the rubber stop- 

per a circular piece of fine, wet bolting cloth is placed, and on this 

is poured Berkshire (or quartz) sand to the depth of about thre quar- 

ters of an inch. This sand should be previously selected as before 

described. The tube at the bottom is made long enough so that when 

the water is poured in the sand will not rise to the sloping sides of the 

funnel and become lodged there. These sloping sides should be kept 

clean and bright, so as to offer the least possible resistance. 

After the water to be examined has passed through the filter, the 

beaker at the bottom is removed. The rubber stopper is then care- 

fully taken from the lower end of the funnel so as not to disturb 

the wet sand, and a test-tube is quickly placed in position as shown 

in the filters of the left-hand rack. The arrangement shown above 

the filters is now used to deliver § cc. of distilled water into each 

funnel, and at the same time to wash the sand and collected organ- 

isms into the test-tubes below. Beyond this point the procedure is 

as before described. 

In the analyses of waters by the use of the new filter funnels, con- 
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siderably higher results are often obtained. This is especially noticea- 

ble in waters containing a large amount of adhesive material, as is 

illustrated by the accompanying table. 

The new filter funnels have the advantage over the old funnels in 

neatness, compactness, and portability. The rate of filtration is more 

uniform, and the results obtained more accurate. The new funnels 

were put into active service in the regular microscopical examinations 

for the Massachusetts State Board of Health on December 1, 1895, 

and since that time they have been used successfully for the quan- 

titative microscopical examination of more than seventeen hundred 

samples of water. 

Nore. — At the request of Professor Sedgwick, the writer has recently made numerous 

experiments upon the use of the centrifuge in the microscopical analysis of drinking water. 
Its employment for this purpose was suggested by Dr. C. S. Dolley’s valuable paper on 
“The Planktonokrit, a Centrifugal Apparatus for the Volumetric Estimation of the Food- 

Supply of Oysters and Other Aquatic Animals.”* The results thus far obtained have been 
more Satisfactory than those obtained by the sand filter above described when delicate infu- 
soria and rotatoria are present, but with revolutions up to 2,000’ per minute, poor results 

were obtained if Cyanophycez chiefly were present. This was especially the case with Ana- 

bzena, Clathrocystis, and Ccelosphzerium. The experiments will be continued. 

1 Proceedings of the Academy of Natural Sciences of Philadelphia, May, 1896. 
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[Number of organisms per 100 cubic centimeters. ] 
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| 
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woococcus . . . | 400 | 400 eer saan coos | | orticella . wet ans . 

Clathrocystis . . . 3,200 | 3,600] .... me oe Bere eas Kas mies woe | | Mallomonas | } Se 200 600 | 200 200 | | 
Celospherium . . | 600] 1,000] os. | .... eee ieee 600 | 600 | «+ | see. | Raphidomonas - | | | wan't 400 | «e 
Microcystis. . . . | eee ree ia pps mnie 400 2,000 | I cscs ly, | | | | | 
See etn We sete case ey a | .... | VBRMEs, | | | 
Oscillaria | are Aer Wake | | woos | Ame. 5. Ree Om eer | nase 

| | pe ee ee Ce en aes | | | NS ace ied 100 
ALGA | | Asplanchna .. . pearl i) A wie | | | ae 
Arthrodesmus . 600 | 1,000 | Monocerca .. . coos | | cade >t - | | mad 
3otrycoccus #s Read anke ee as | coos | soon | PGhyartnem, Se coos | 200 | cece ‘2 } ee . | 100 
Chlorococcus » | eee a8 axes! Waste b wae +++ | 77;600 | 107,200 | «.+. sees sees ..-- | Rotatorianova . . 200| 200 | sett - | | 200 | | 400 

'. Closterium. . .. | see rene aie cust 200 ps eee Sie poi ee ‘ prey | Rotifer . ya | rons ms | 200 | } es 
r p | 7 | } | Conferva loans ves aie | Triarthra | vee | Eanes ‘is oe | 
Cosmarium . | 18,000 | 18,400 . A noes | | | Desmidium . ; siseg ent ae | «+e. | CRUSTACEA, | | | 
Dictyospherium . 2 Pe Pixar ripe wey ar ca alae DR Tae | im 4 rae | | ed 
Eudorina .... sae waee aa = ne aime cece sissies code b> eee wala) ope eae eee wna dwt | | | wes 

Hyalotheca . pide See eaas er yew band Saisie Ete mae eae kaae ween [sees | coon | Daphnia ee | | eee | J sse- | | 
ni a cer ove seve | wose <<a aa «0 asus “°° ice | skee BP omns Entomostracan ova . eas ones sae eaes ata 1h pake =e paw | aces } cges B cece | 
Pediastrum. . . . | .... a ere ree 200} .... 100 400 800 | | 200} Moina..... ots wail aio, tats ae, ee BS ae) ae | ee | | 
Protococcus . . . | 1,200| 1,800 coe ‘aoe ésee sas anes esee 300 | 

- Raphidium . | i! ae , 400 1,600 2,000 2,800 +066 amen | ee 400 MISCELLANEOUS. | z : . | sees seen ’ y , | | | | | | 

Scenedesmus . . . | 21,600| 22,000| .... | .... 600 | 2,000] ...- ee ‘ane 400 | 1,100 | Amorphous matter . pr. | pr. pr. pr. | abd. abd. pr. pr. abd. abd. 

Sorastrum ee ye aint isan Soe see ea a ee eee Se ee Soe « aes ennk waits pene ede , | aoa | peed a cae 

Staurastrum. . . . | 800 1,600 | «evs eae aes 100 200 200 | .«--- 400 600 | 1,500| Spongespicules. . eee bedi sees ee cece | see | oo | ose eve 
Staurogenia J sees eo eee wee 800 | $4608 s+<s 800 pen | 500 | Starch grains . ‘ ete as ye LSPs atl Pe: Lge 

fea rg : | | 06 ae one dead sae iads | eeee 400 Vegetable tissue. . ae ee name <aehe pr. pr. | pr. pr. | were saee 

cae CE oe ee ea Sa et a ee a ee pi Bias Be 
Xanthidium o0k coos 200| ..-- cece | cece’ | soce | POPAL ORGAMEIES . | 69,500 77,600 | 1,600,000 | 2,000,000 | 20,600 | 31,500 | 130,300 | 175,200 | 536,400 | 727,000] 86,000 | 112,000 

| | Torat GENERA a4 I 19 I I 16 | 18 | 15 24 6 | 10 12 | 22 | 
} 

| | H | 

Notr — Zodgleea unit = 2,500 square microns = .0025 square millimeters. 
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EXPERIENCE WITH THE SEDGWICK-RAFTER METHOD 

AT THE BIOLOGICAL LABORATORY OF THE BOSTON 

WATER WORKS. 

By GEORGE C. WHIPPLE, S.B., 

Received October 2, 1896. 

In connection with Mr. D. D. Jackson’s paper on “ An Improve- 

ment in the Sedgwick-Rafter Method of Microscopical Examination 

of Drinking Water,’! it may be interesting to note some experiences 

with that method at the Biological Laboratory of the Boston Water 

Works. 

The Sedgwick-Rafter Method has been used in the Boston Water 

Works Laboratory at Chestnut Hill Reservoir since its establishment 

in 1889, and from that time to the present more than 19,000 quan- 

titative microscopical examinations of water have been made. Most 

of the samples examined have been those collected from the streams, 

storage reservoirs, aqueducts, and service pipes of the water supply, 

but many examinations were made in connection with the filtration 

experiments conducted during the years 1891 to 1894. The character 

of the samples has therefore varied over a wide range, from waters 

free of microscopical organisms to those rich in algz and infusoria. 

In all this varied work the method has seldom failed to give trust- 

worthy record of the animal and plant forms present, and the in- 

formation thus obtained concerning the condition of the water has 

been of material assistance to the superintendent in the management 

of the supply. 

In common with almost all analytical processes, the Sedgwick- 

Rafter Method involves some sources of error. These have been 

carefully studied at various times in the Boston Water Works Lab- 
oratory in order to determine the precision of the method as ordi- 

narily used. In the main, the results of the experiments made by 

* This volume, pp. 271-274. 
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the writer have corroborated those obtained by Mr. Gary N. Calkins! 
in 1892, but in some respects they have been different. 

The most important errors in the method are those involved in 

the concentration of the sample. They may be designated as follows: 

1. The Funnel Error, or-error caused by the organisms adhering 

to the sides of the funnel. 

2. The Sand Error, or error caused by the organisms passing 

through the sand. 

3. The Decantation Error, or error caused by the organisms 
adhering to the particles of sand and by the water used in wash- 

ing the sand being held back by capillarity during the process of 

decantation. 

The funnel error varies greatly, according to the character of the 

water filtered. It is highest in the case of samples rich in Cya- 

nophycez and “amorphous matter.’’ These being of a somewhat ge- 

latinous nature adhere readily to the glass, making a rough surface 

on which other organisms lodge. If the funnel is wet when the sand 

is put in, some of the sand grains are also liable to adhere to the 

glass walls of the funnel; careful manipulation, however, will avoid 

this. Samples which filter slowly, and which for that reason give 

the organisms good opportunity to settle upon and become at- 

tached to the glass, show the greatest funnel errors, and indeed we 

may almost say that the funnel error is proportional to the time of 

filtration. 

By filtering a sample in the usual manner, and afterwards washing 

the sides of the funnel with distilled water and ascertaining the num- 

ber of organisms thus washed from the glass, Mr. Calkins found that 

the funnel error varied from 0.09 per cent. to I.g per cent., the av- 

erage being 0.3 per cent. Similar experiments made by the writer 

have given somewhat larger errors than these, the average for twenty- 

one representative samples being 0.96 per cent. for the organisms and 

2.9 per cent. for the amorphous matter. The greatest error found 

during the experiments was 11.3 per cent. for the organisms and 16.3 

per cent. for the amorphous matter, but not infrequently the errors 

exceed even these figures. By employing forced filtration (7. ¢., using 

the aspirator), and thus lessening the time required for the water 

' Calkins, Gary N. ‘The Microscopical Examination of Water,’’ Massachusetts State 

Board of Health. 23d Annual Report. 
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to pass through the sand, the average funnel error was reduced to 

0.24 per cent. for the organisms and 0.8 per cent. for the amorphous 

matter. Forced filtration, however, has certain objections, and is not 

ordinarily advisable. The best method of minimizing the funnel error 

appears to be the use of tubular funnels, like those designed by 

Mr. Jackson. Funnels of this kind are now in use at the Boston 

Water Works Laboratory. Besides having the advantage of greater 

efficiency, they are neater in appearance, occupy less room, and are 

more conveniently handled. 
The amount of the sand error depends upon the character of 

the organisms, upon the size of the sand grains and the depth of 

the sand. In selecting a sand to be used, two opposing conditions 

must be adjusted. The sand must be fine enough to form an effi- 

cient filter, and yet the grains must be large enough to settle read- 

ily in the decantation tubes. Experience has shown that for the 

samples received at the Boston Water Works Laboratory a sand 

having the following mechanical analysis satisfactorily fulfills the 

conditions : 

Sieve marked, mise | See 

40 0.38 100 

60 0.28 80 

80 0.20 60 

100 0.16 22 

120 0.14 4 

According to the nomenclature of the Massachusetts State Board of 

Health, this sand has an “effective size’”’ of 0.15 mm. and a “uni- 

formity coefficient”’ of 1.33. As to the amount of sand necessary, nu- 

merous experiments have shown that if the depth is less than 1.5 cm. 

the sand error is likely to be large; but with depths greater than 

2 cm. the error is practically independent of the depth. In actual 

practice, using the sand above referred to, the error from organisms 

passing through the filter ought not to exceed 2 per cent., unless the 

samples contain organisms which are very minute. Most of the organ- 

isms which pass through the sand do so during the early part of the fil 

tration, before the sand has become compacted. If, before the sample 
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is poured into the funnel, the sand is first compacted by rapidly pass- 

ing through it some distilled water, using the aspirator to increase the 

pressure, the sand error may be much reduced. 

The decantation error is one of considerable importance, depend- 

ing to a great extent upon care in manipulation. It arises from the 

fact that when the attempt is made to separate the organisms from 

the sand by agitating with distilled water in one test-tube and rap- 

idly decanting into a second tube, some of the organisms remain 

behind attached to the sand grains. 

Mr. Calkins, in his experiments, first washed the sand with 5 cc. 

of distilled water and decanted, then rewashed with 5 cc. and decanted 

into a second tube, the number of organisms found in the second 

washing being taken to represent the decantation error. In this 

way he observed errors varying from 1.§ to 15.5 per cent., the av- 

erage being 7.5 per cent. In the writer’s experiments the sand was 

washed first with 3 cc. and then with 2 cc. of distilled water, both 

portions being decanted into the same tube, experience having shown 

that this double washing is more effective in cleaning the sand. The 

sand was then rewashed with 5 cc., which was decanted into a sep- 

arate tube and examined to determine the decantation error. The 

results showed errors ranging from 0.1 to 12.0 per cent. for the or- 

ganisms and 0.5 to 6.9 per cent. for the amorphous matter. The 

average of twenty-four observations gave 2.5 per cent. for the or- 

ganisms and 3.0 per cent. for the amorphous matter, figures which 

are noticeably lower+than those obtained by Mr. Calkins. 

There is another source of error in the decantation of a sample 

which more than offsets the one just mentioned, and which has not 

generally been taken into account; it tends to give results which are 

too high. It is caused by the fact that some of the distilled water 

used in washing the sample is left behind in the sand and on the 

walls of the test-tube, so that the organisms when decanted receive 

too high a degree of concentration, for it has been found that the 

sand retains a larger percentage of water than of organisms. To 

avoid this error as much as possible, the washing of the sand should 

take place immediately after the sample has filtered, and the decan- 

tation tubes should be used moist instead of dry. The amount of 

this error is likely to reach 5 or even 10 per cent. unless great care 

is used in manipulation. 

Very frequently samples are received at the laboratory which are 
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so filled with organisms or with amorphous matter that filtration is 

effected with great difficulty. The sand becomes clogged, and a 

dense scum is formed, almost if not quite impervious to water. 

When this occurs it is necessary either to stir the sand from above 

or to connect the lower end of the funnel with an aspirator, or filter 

pump. There are objections to both these proceedings, but the writer 

believes the latter to be by far the better one. It increases the 

sand error but little, and by lessening the time of filtration decreases 

the funnel error materially. Indeed, so great is the improvement in 

this respect, that the aspirator might be recommended for general 

use were it not for the danger of delicate organisms being crushed 

on the sand by the increased pressure. As it is, its use should be 

restricted to cases of emergency where it is necessary to overcome 

the clogging of the sand, or when for some reason it is desired to 

effect a rapid filtration. For these purposes the aspirator forms a 
valuable part of the apparatus. 

In order to determine the comparative effect of stirring the sand 

and of using the aspirator, six samples, differing widely in the num- 

ber and character of their contained organisms, were filtered : first, 

by gravity without stirring; second, by gravity, the sand being stirred ; 

and third, by using the aspirator. The following average sand errors 

were obtained : 

Method of filtration. Percentage sand error. 

1. | Gravity without stirring . e * ES 

2 Gravity, the sand being stirred . . . 2.1 

3. | Using the aspirator . . .... . 1.4 

Thus it will be seen that stirring the sand almost doubles the sand 

error, while the use of the aspirator increases it but slightly. 

The reduction of the funnel error when the aspirator is used is 

shown by the following table: 

PERCENTAGE FUNNEL ERRORS. 
Number of Average time of 

Method. examinations. filtration. (Minutes.) 
Organisms. Amorphous matter. 

GIVI s 6s Ge 9 76 0.96 2.9 

Aspivatot . « « 11 4 0.24 0.8 
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RESULTS OF TESTS MADE IN THE ENGINEERING 

LABORATORIES. 

Vi. 

Received June 12, 1896. 

STEAM AND HyDRAULICS. 

DESCRIPTION AND RESULTS OF A 50-HOUR TEST MADE ON THURSDAY, 

FRIDAY, AND SATURDAY, May 7, 8, 9, 1896, AT THE West END 

STREET RAILWAY'S POWER STATION, NEAR SULLIVAN SQUARE, 

CHARLESTOWN, MAss. 

This test was made by ninety students of the senior class of the 

Massachusetts Institute of Technology as a part of the regular work 

of the Engineering Laboratories, and was under the direction of the 
instructing staff of the laboratories. 

Through the courtesy of Mr. C. F. Baker, master mechanic of the 

road, excellent opportunities to collect instructive data were given us. 

The 50-hour run was divided into five watches of ten hours each, 

eighteen students working on each watch. 

The object of the test was to determine the evaporation of the 

boilers per pound of coal, the coal for the plant per indicated horse 

power of the main engines, and also the coal per kilowatt and per 

electrical horse power. 

Besides the observations needed to calculate the above much other 

data of great value was obtained. As there were something like 20,- 

000 observations, or about 80,000 figures, taken during the test, it 

was thought advisable to print only the totals and averages of the 

different readings. 

DESCRIPTION OF PLANT. 

Steam is supplied by three Babcock & Wilcox boilers, each of 

500 nominal horse power (A. S. M. E. rating). 
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These discharge their gases into an inclined brick flue about 

35 feet long at the back of the boilers. This flue leads either into 

a Green economizer and from thence to the stack or into a straight 

flue by the side of the economizer also leading into the stack. By 

means of dampers the gases can be turned through either of these 

passages. 

Boilers No. 1 and No. 2 are set without any space between them. 

Between Boilers No. 2 and No. 3 there is a space of about four feet. 

The steam piping is so arranged that either Boilers No. 1 or No. 2 

can supply Engine No. 1, while Boiler No. 3 supplies Engine No. 2, 

or the entire battery can be made to deliver into the main. 

During the test Boiler No. 1 was shut down, two boilers being 

all that are needed to do the work. 

The stack into which these exhausted is 200 feet tall, with an 

internal diameter of core of 10 feet. 

The engines are Allis-Corliss cross-compound, with independent 

jet-condensing pumps. 

The parts of the engine are so designed that either cylinder can 

be run at 1,000 I. H. P. As either side can be made to run the 

engine there is but little loss of running time on account of repairs. 

Engines No. 1 and No. 2 are 26, 50 x 48, and run at a speed of about 

90 revolutions per minute. The main engines and air-pump engines 

were built by E. P. Allis, of Milwaukee. 

The fly wheel .of each engine is built up of mild steel plates 

bolted to a cast-iron hub, the whole weighing something over 40 tons. 

The generator is of the multipolar direct connected type, and was 

built by the General Electric Company. It is known as an M. P. 

10-800-90, contains 10 poles, and is of 800 kilowatt nominal capac- 

ity at 90 revolutions. 

It is designed to give 500 volts at no load, and is over com- 

pounded to give 550 volts at full load when delivering 1,450 amperes. 

The switchboard is of the General Electric type, with eight feeder 

panels and four generator panels. 

Steam is taken by each engine through a Stratton separator 

located beneath the engine. The drip from the separator is run 

through a coil of pipe in the first receiver, and thence trapped 
directly into the suction of the feed pump. ’ 

There is a small amount of drip from the working side of the 

receiver which is thrown away. The steam exhausted by the air- 
pump engine is discharged into the receiver. 
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Feed water is taken from the city main first through National 

heaters in the exhaust pipe of each main engine, these heaters being 

situated between the low-pressure cylinders and the air pumps. From 

here it passes to the suction of the feed pump, the discharge from 

the traps on the separator drips entering this pipe and mingling with 

the water on the way to the pump. After leaving the pump the 

feed water enters a secondary heater or feed-pump heater, as it is 

called in these pages to distinguish from the other heaters. This 

heater is fed with the exhaust steam from the feed pump. It was 

found that this heater was large enough to condense all of the 

exhaust steam, and so during the test the amount of steam used 

by the feed pump was determined by weighing the drip from the 

steam side of the heater. 

After leaving the heater the water passes through a Green econo- 

mizer rated at 2,000 H. P. before entering the boiler. 

ARRANGEMENTS MADE FOR TESTING AND METHODS USED. 

The pipe ordinarily supplying the feed water from the city main 

was broken and the water weighed in four large barrels. From 

these it was discharged as required into two reserve barrels, which 

delivered through a wrought iron pipe to the National heaters in the 

exhaust pipes. These barrels were supported on a platform in the 

engine room, the platform being high enough above the floor to give 

a head of five feet of water in the reserve barrels above the entrance 

to the heaters in the exhaust pipes. 

Temperatures of feed water were taken at such places as to 

enable us to note the gain due to different heaters and in differ- 

ent sections of the economizer. 

The drips fru. the working sides of the receivers were caught 

and weighed, as was also the drip from the pump heater, this latter 

quantity being the steam used by the feed pump. 

The drips from the two separators were caught in two calibrated 

steel cylinders, 18" in diameter and 4'—6" high, having gauge glasses on 

the sides. Whenever these filled the reading of the upper level was 

taken and the discharge valve opened, a record being kept of the 

time this valve was open, so that allowance could be made for 

Norte. — Quite a full description of the plant together with drawings of the engines, 
boilers, and stack, can be found in Vol. xii, No. 3, of Street Railway Journal. 
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the drip lost while discharging. As soon as the valve was closed the 

lower level was taken. The drips were discharged into the suction 

pipe of the feed pump. Owing to the fact that this hot water was 

liable to make the pump race, it was necessary to stop the feed pump 

whenever the drips were blown out. The water then backed up into 

the reserve barrels. 

Counters were attached to both main engines and both air pumps. 

Indicator cards were taken from each engine and air pump every 

twenty minutes. The cards were taken on the two engines alter- 

nately, the times being ten minutes apart. Crosby indicators were 

used on Engine No. 1 and Air Pump No. 1, and Thompson indicators 

on Engine and Air Pump No. 2. 

The indicator rigs used on the main engines were the common 

“lazy tongs” pantograph, a separate set being used for each cylinder. 

The air-pump indicators were run by a cord attached to an eccentric 

pin in the end of each pump shaft. 

The test was started with clean fires and everything running. 

The condition of the fires in Boilers No. 2 and No. 3 was noted, as 

were also the levels in the gauge glasses. At the closing of the 

test the fires were clean and were brought as nearly as possible to 

the condition at starting. Levels in the gauge glasses were also made 

right. 

Samples of steam were taken by throttling calorimeters placed 

close to the discharge outlet of each boiler. 

The temperature of the steam was taken instead of the pressure. 

By using long thermometer cups the temperatures could be depended 

upon to ;;° C., while it would be impossible to rely upon a gauge 

within one pound. 

A machine ammeter of the Weston shunt type and a General 

Electric Wattmeter were connected with each machine, and were 

mounted on the switchboard. 

A station ammeter of same type upon the switchboard measured 

the total current supplied by the station. 

A Weston voltmeter, also mounted on the switchboard, was ar- 

ranged to be connected to either machine or the main bus bar. 

These instruments constitute a part of the regular equipment of 

the station. In addition a Weston shunt ammeter was connected to 

No. 1 machine, and a portable Weston voltmeter to give main voltage. 

The shunt field circuits of both machines were opened and Wes- 

ton ammeters inserted to indicate the field current. 



284 Results of Tests Made in the Engineering Laboratories. 

The equalizer circuit between the machines was opened and a 

shunt ammeter, calibrated to read in either direction, was connected 

to show the direction and quantity of current flowing between the 

two machines. 

The shunt field circuit does not pass through the other instru- 

ments. 

All station instruments were calibrated by the General Electric 

Company three weeks before the test. These instruments were not 

recalibrated at the Institute. 

The constant given by the makers for the Wattmeter is 300. 

REMARKS. 

At 10.05 p.M. Thursday the joint in the feed pipe at bottom of 

feed-pump heater blew out. The valves were immediately changed so 

as to cut this heater out. There was an amount of weighed water 

lost equal to the contents of the heater. This amount was deter- 

mined after the test and allowance made for the same. The exhaust 

from the feed pump was, of course, turned outboard. 

The joint was packed over, and at 11.25 the feed was turned 

through the heater again, and the exhaust steam was turned in at 

11.27. 

At 12.50 A.M. Friday part of the load on Engine No. 1 was 

transferred to Engine No. 2, leaving No. 1 light, as tht commutator 
had been sparking badly for about two hours. 

At 7.30 A.M. water backed up and ran over reserve barrels while 

blowing down separator-drip reservoir, and about 100 pounds of water 

were lost. 

Barrel for condensed steam from feed pump ran over about 2.40 

p.M. Friday. About 25 pounds of water were lost. 

Water backed up again in reserve barrels at about 4 p.m. Friday. 

Loss of about 75 pounds. 

On Friday evening, on account of the bad sparking of the com- 

mutator on No. 1 Dynamo, it was deemed advisable to shut the engine 

down and smooth up the commutator, especially as at this time the 

engines were running light. Accordingly, No. 2 Boiler was discon- 

nected from the battery at 9.51 p.m. and used for No. 1 Engine and 

pump only. No. 3 Boiler now supplied the steam for No. 2 Engine 

and air pump and the feed pump, No. 2 taking about twice its former 

load. 
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The level in No. 2 Boiler was run up about 73” above the center of 

the drums before cutting out. No water was put into this boiler until 

2.17 A.M. Saturday, at which time the level had dropped, due to the 

blowing of the safety valves, to }!’ below the center of the boiler. 

11,936 pounds of water were now put in. While raising the level 

the feed valve to No. 3 Boiler was closed and record kept of the 

weight of water pumped into No. 2, and also of the steam used by 

feed pump while doing this. 

At 4.20 a.m. Saturday the boiler was put into the battery again. 
The water level at this time was 63’ above the center of the drums. 

The amount of water used by this boiler while shut out is equal 

to the amount put in plus the amount needed to bring the water 

level back to the level at the time of cutting out. This latter 

amount was estimated to be about 800 pounds, giving a total of 

12,756 pounds. 

The amount of coal used by this boiler while cut out was also 

recorded, but, inasmuch as this opportunity was taken to give the 

fires a thorough cleaning, it was deemed fairer to figure the amount 

of coal required from the water put in and the rate of evaporation 

as determined from the entire test. 

The amount of coal and water used by the boiler while cut out is 

deducted from the amount required by the plant, account, of course, 

being taken of the time the engine was not working. 

Engine No. 1 was slowed down at 9.53 p.m. Friday. At 10.11 it 

was shut down entirely, and started again at 10.22 and run slowly 

until 4 A.M., while the commutator was being sandpapered. It was 

then stopped to clean the commutator and adjust the brushes. At 

5.03 the engine was started again and the load thrown onto the 

dynamo at 5.10. 

While the engine was slowed down the safety valves on No. 2 

Boiler were blowing for a considerable time. 

At 2 a.m. Saturday, while Boiler No. 2 was cut out, the pressure 

in No. 3 dropped to 95 pounds, due to No. 2 Engine working beyond 

the capacity of the boiler, the fireman not having had a chance to 

clean fires before the load was thrown on. The central station, 

which had been shut down, then started up and took part of the 

load, and at 2.15 the pressure was back to 160 pounds. 
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STATIONS FOR TEST MAY 7, 8, 9; 1896, CHARLESTOWN POWER STATION, 

WEST END RAILROAD. 

(1) Coal for Boilers No. 2 and No. 3. Barometer. Outside air. 

Temperature of fire room. Draught at base of stack. Temperature 

of feed water entering economizer. 

(2) Feed water thermometers, entering Boilers No. 2 and No. 3. 

Temperature of feed water leaving economizer. Temperature at ther- 

mometers Nos. 4, 3, 2, I on economizer. Temperature of gases 

leaving economizer. 

(3) Temperatures of steam, Boilers Nos. 2 and 3. Temperature 

of hot gases. Draught pressure and both calorimeters noting time 

calorimeters were in use. 

(4) (5) Weigh water for boilers (four barrels each of 1,200 pounds 

capacity). 
(6) Drip from Separator No. 1. Time and gong every ten min- 

utes. Temperature of feed at pump. Temperature of feed leaving 

pump heater. Ring two sets of bells, alternating every ten minutes, 

ee —..—.; ten minutes later,...—..—., etc. 

(7) Drip from separator on No. 2 Engine. Counter on No. 2 Air 

Pump. Temperature of hot and cold condensing water of both pumps. 

Temperature of exhaust steam. 

(8) Weight of drip from receivers on Engines No. 1 and No. 2. 

Also weight of steam from feed-pump heater. Temperature of feed 

water leaving heaters in exhaust pipe of Engines No. 1 and No. 2. 

(9) Counter on No. 1 Air Pump. Cards on No. 1 and No. 2 Air 

Pumps. Planimeter. 

(10) Temperature of cold water in reserve barrels. Pressure in 

receivers and vacuum in condensers of Engines No. 1 and No. 2. 

Measure length of cards, etc. 

(11) (12) (13) Counter. Cards. Planimeter. Measure cards, etc., 

for both engines. 

(14) General log. (Complete record of all observations.) 

(15) Current Dynamo No. 1 (Main & Field) every ten minutes. 

Assists in work on cards. 

(16) Current Dynamo No. 2 (Main & Field) every ten minutes. 

Assists in work on cards. 

(17) Voltmeter every ten minutes. Works on cards. 

(18) Work on cards, all engines. Planimeter, length, and per 

cent. cut-off. 
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DATA AND RESULTS OF TEST ON WEST END POWER STATION AT 

CHARLESTOWN. 

AREAS AND WEIGHTS. 

Boiler No. 2. Boiler No. 3. 

Total heating surface . ‘ ° - ‘ , ‘ 7 ‘ - ° 5,372 sq. ft. 5,372 sq. ft. 

Total grate surface ; ° ‘ . ‘ . . . “ . . . 88.1 sq. ft. 88.1 sq. ft, 

Total coal fired . ‘ é ‘ ° . ° ‘ * ‘ , ‘ ‘ 48,345 lbs. 57,190 lbs. 

Coal drawn from grate ‘ . P ‘ ° e ; i : F 200 lbs. 6° lbs. 

Total coal burned ‘ . ° ° ° ° ° ‘ ‘ . 48,145 lbs. 57,130 lbs. 

Weight of ashes, habia, etc. . ; P e ‘ ‘ é 4 ‘ F 4,195 lbs. 5,000 Ibs. 

Total combustible . ‘ : . , F ; ; 4 - , ‘ ; 43,950 lbs. 52,130 lbs. 

Estimated weight of water in coal. , a? % a Se 2.7% 
Total coal (including moisture) . > 105,275 lbs 

Coal used by Boiler No. 2 while shut off (figured eet water “i in poe” the 

rate of evaporation). (See remarks.) . ‘ ‘ : : 2 P ‘ 1,345 lbs. 

Tota! coal during test . é = : , : : ‘ ‘ , , , 103,390 lbs. 

Total ash during test . - 5 5 : ‘ ; ; F : F ; 9,080 lbs. 

Total combustible during test. : , , : ; ; d 94,850 lbs. 

Total water weighed in barrels (50 and . . . : : ; E ‘ 957,995 lbs. 

“ Engine No. 1, 20,310 lbs. 
Returns from separator drip cans (50 kours) { g » 20,3 

Engine No. 2, 21,590 lbs. 

Total water put into boilers by feed pump (so hours) - 999,895 Ibs. 

Weight of water put into Boiler No. 2 while shut off, including dlewenes 

made for difference of level when boiler was connected from that at 

shutting off . ‘ . . P - 12,755 lbs. 

Steam used by feed pump feeding No. 2 while eat ‘off ‘ Fe ‘ F ‘ 285 lbs. 

Total water during test ‘ ° ° ; ° e e é ‘ ° ° 987,140 lbs. 

WEIGHTS. 

‘ P , Engine No. 1, 362.4 lbs. 
Drip from working side of receiver per hour ° Engine No. 2, 229.3 ibs. 

Steam used by feed pump F : ‘ ; * 32,398 Ibs. 

Steam used by both calorimeters . : P P a 4 ~ ; : = 2,646 lbs. 

{ Boiler No. 2, .990 lbs. 

? p Boiler No. 3, .990 lbs. 

‘ : j ‘ r Af ‘ ‘ ‘ ‘ .9go Ibs. 

Steam required by plant, both engines running, Engine No. 1 running 42.72 

hours, and Engine No. e rurning 50 hours 

Quality of steam at boilers; mean of calorimeter tests 

Average 

984,494 lbs. 
Coal for plant (deducting coal required for steam used by enduatnnttis, “a Ibs. , 103,652 lbs. 

Coal per hour for plant, figured by dividing above by average time both en- 

: , oO 2.72 
gines were running = so. 4272 = 46.36 2,236 Ibs. 

TEMPERATURES. 

Temperature boiler room. ; , ‘ : : : ; $ ‘ ‘ ‘ F 81.6° F. 

Temperature outside air. : , P ‘ ; ‘ : ; ; ‘ : ; ; 7.9° F 

fa . No. 79.4° C. 
Temperature steam at boiler ; bd” ‘. ; : ° : : r , j Sadish d 

UNo. 3, 177.2° C. 

Temperature cold feed water at barrels 16,5° C. 

a : ‘ ‘ No. 1, 60.1° C 
Temperature leaving heaters in exhaust pipe ,. . F ° ‘ . ‘ . ‘ { og pices: c. f 

No. 2, 62.4° C. 
Temperature entering feed pump ‘ ° ‘ ° . ° < 59.9° C. 

Temperature leaving heater supplied with feat} pump steam . < ; ‘ ‘ - ‘ 97-5° C 

Temperature entering economizer . : . . . : : . ; 73-9° C. 
Temperature after passing through 30 tubes of economizer ° ‘ . ° . ‘ 73.19 C, 

Temperature after passing through 150 tubes of economizer ° . ‘ . F 3 77.7° C. 

Temperature after passing or 270 tubes of economizer ‘ = . 79.9° C. 

1 Drop in temperature due to lanes of cold air. 
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Temperature after passing through 410 tubes of economizer . 

Temperature leaving economizer (560 tubes) . 

Temperature entering boilers. ‘ 

Temperature exhaust steam from engines close to condensers . 

Temperature injection water entering condenser 

Temperature injection water leaving condenser 

Temperature drip from separator 

Temperature hot flue gases at back of boiler 

Temperature flue gases leaving economizer 

PRESSURES AND TIME. 

Barometer . s ° ° ° . . ° ° 

Vacuum in condensers ‘ ° . ° 

Pressure in receivers . P ° ° ° ° 

Draught at back of boilers (inches of water) . 

Draught at base of stack (inches of water) 

Time starting test. : 

Time stopping No. 1 Engin : - 

Time starting No. 1 Engine (loaded) . P 

Time cutting No. 2 Boiler out . " ° 

Time putting No. 2 Boiler in again . 

Time ending test ‘i P 

Total time Engine No. 1 was working 

Total time Engine No. 2 was working 

Total time Boiler No. 2 was working 

Total time Boiler No. 3 was working 

Total time feed-pump heater was cut out 

REVOLUTIONS. 

Total revolutions No. 1 Air Pump, 42.67 hours ‘ ‘ 

Total revolutions No. 2 Air Pump, 49-33 hours P 

Average M. E. P. Pump No. 1 “eer ‘ ; Sa 
Average M. E. P. Pump No.2 . a ar . « EE 
H. P. Pump No.1: . ; = “eo We Sar) ce. Se: — o Oe 
H.P. Pump No.2,H.E. . ‘. ; ° ° ° 

Total revolutions Engine No. 1, First, 9.67 hours . ‘ ° 

Second, 12.00 hours . . ° 

Third, 8.67 hours . ; " 

Fourth, 7.00 hours ° . 

Last, 12.33 hours . ‘ ° 

Total time . . . $ 42.67 

Total revolutions Engine No.2, First, 9.67 hours . 7 GS 
Second 12.00 hours . . é 

Third, 8.67 hours . . ° 

Fourth, 7.00 hours . ° . 

Last, 12.33 hours . e . 

Totaltime . . . + 49.67 

17.46 

18.94 

4.66 

5.22 

° . 87.2° C. 

g1.6° C, 

No. 2, 94.0° C, 

No. 3, 97.8° C, 
No. 1, 137.6° F. 

4 No. 1, 12.5° C. 
UNo. 2, 13.0° C, 

{ No. 1, 25.4° C. 

No. 2, 30.4° C, 

No. 1, 171.1° C, 

No. 2, 142.4°C, 

213.7°C, 

152.2° C, 

° 30.305 

No. 1, 12.04 lbs. 

{ No. 2, 12.26 Ibs. 

No. 1, 8.3 lbs, 

No. 2, 7.9 lbs. 

Average, .2997 

Maximum, .602 

Average, .3727. 

Maximum, .656 

Thursday, 3.30 P.M. 

Friday, 9.53 P.M. 

Saturday, 5.10 A.M. 

Friday, 9.51 P.M. 

Saturday, 4.20 A.M. 

Saturday, 5.30 P.M. 

42 hrs. 43 mins. 

. 50 hrs. 

43 hrs. 31 mins. 

° 50 hrs. 

1 hr. 20 mins. 

. 156,598 

» 178,451 
C.E 30.25 
Cc. E. 24.56 

C.E 8.17 Total, 12.83 

CE 6.54 Total, 11.76 

. 59,533 

. 63,358 

. 44,903 
° Not running. 

° 64,122 

222,922 total revolutions. 

. 50,501 

° 62,882 

. 44,586 

. 35,831 

. 64,302 

258,102 total revolutions, 
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M. E. P. AND PER CENT. OF CUT-OFF. 

M. E. P. Engine No. 1. 

HiGu. Low 

Time. aaemecani SS ones 

H. E | C. E. H. E | C.E 

- | 
9.67 32.18 27.75 9-92 7:72 
12.00 17.62 | 14.64 7.38 5-79 

8.67 , 34-93 26.55 9-94 8.44 
7.00 not running. ceeee steee eeee sees 

12.33 30.98 | 23.92 g.21 7:19 

Average M.E.P. per hour | | 
eee 28.17 | 23.59 9.00 | 7-18 

M. E. P. Engine No. 2. 

HiGu. Low. 

Time. 

H. E. | CE H. E. | CE 

9.67 29.43 16 04 9-35 9.84 
12.00 23.71 9-84 8.29 8.78 
8.67 37-75 23.99 10.29 10.61 
7.00 35.80 22.89 10.58 10.83 

12.33 30.87 16.16 8.77 9-04 

Av. M.E.P. for entire test, 30.74 | 16.80 9.28 | 9-64 

1 Per Cent. of Cut-off Engine No. 1. 

Hicu. Low. 

Time. 
| H.E Cc. H.E C.E 

4 9.67 15.21 11.22 33-84 21.07 
12.00 7-65 6.25 30.63 20.78 
8.67 18.66 13-45 36.58 23.73 
7-00 sees eeee = = =—F lll h6h6L6UmUmUmUCl te 

12.33 16.70 11.52 33-42 21.40 

| Average entire test . . 14.13 | 10.35 33-74 21.61 
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M. E. P. AND PER CENT. OF CUT-OFF. — Continued. 

Per Cent. of Cut-off Engine No. 2. 

HIGH. Low. 

Time. — ee oe 

H. E. | C. E. H. E. C1 

| | ; 9.67 18.82 9.38 29.51 | 27.35 
12.00 15.84 7:07 26.36 25.21 
8.67 23.17 13.59 36.33 31.82 

7-00 24.85 15-75 37-64 37.80 
12.33 17.62 8.82 30.01 28.62 

| | | =. — 

Av. entire test 19.39 10.35 | 31.30 | 29.36 
| 

ELECTRICAL DATA. 

7 

Dynamo No. 1. | Dynamo No. 2. | 

] 3 : : : 7 l : aaa 

od a 

Time. as 35 Time a5 35 Time. | = § be 
a0 oe) i) 38 | | £3 = 
Ss = A = | x) i) 
> & a <>) | | - > 

| | ~ | Ate 
9.67 | 768.4 7-715 9.67 864.8 6.756 | 9.67 1,633.2 | 566.02 

12.00 | 559.4 7-559 12.00 696.5 6.949 | 12.00 1,255.9 | 561.05 
8.67 870.8 8.168 8.67 934.6 7.306 8.67 1,805.4 | 565.33 
7.00 — ar 7-00 949.0 6.782 7.00 949.0 | 566.98 

12.33 745-9 8.056 12.33 790.3 7-267 | 12.33 1,536.2 570.11 
1 

Av. entire | | Av. entire | | | Av. entire 
test. . 724.4 | 7-861 | test. . 732.2 | 7.060 test. 1,456.6 565.80 

1 

Wattmeter Readings. 

Dynamo No. 1. Dynamo No. 2. 

Time. ‘- iiss gg ae 

Reading. Difference. Reading. Difference. 
| 

Thursday, 3.30 P.M. . 2,845,500 3,580,290 | 
Friday, 12.30 A.M. 2,983,320 137,820 3,729,120 | 148,830 
Friday, 12.30 P.M. 3,114,180 130,860 3,890,720 | 161,600 
Friday, 9.30 P.M. 3,257,120 | 142,940 4,058,800 | 168,080 

Shut down till 5.10. 

Saturday, 5.30 A.M. 3,271,950 14,830 4,201,700 | 142,900 
Saturday, 5.30 P.M. 3446,080 174,130 4,389,830 | 188,130 

| 600,580 809,540 
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SIZES OF ENGINES. 

Sizes of Engines Nos. 1 and 2. 

a — - — 

Diameter low | Diameter rod. Stroke. Diameter high. | Diameter rod 
| 

| | 50" 6" | 48 

| 
| 

Air Pump Engines Nos. t and 2. 

Diameter Cylinder. Diameter rod. | Stroke. 

12 2y6' | 16" 

BOILER SIZES. 

There are 21 sections in each boiler, each section containing 

12 tubes, 4’’ outside diameter, 18’ 6'’ long. 

1 tube, 4’ outside diameter, 5’ 8’ long. 

2 tubes, 44’’ outside diameter, o’ 10’’ long. 

1 tube, 44” outside diameter, 0’ 10’’ long. 

1 face of front and rear headers; estimated total for the 21 sections, 21.99 square feet. 

Deduct for smoke consuming tile 21 tubes, 4 circumference covered with 3 tiles, each 18’’ long, and 21 

tubes with 2 tiles, each 18’’ long. 

3 drums bricked at center of diameter, 42’’ inside diameter, y,’’ plate. 

21 feet of length of drum exposed to fire. 

Smoke connection, 72" x 42"’. 

Grate, 7’ x 12’ 7”. 

Air space, 40% of grate surface. 

Smoke connection, 21 square feet. 

Grate surface, 88.08 square feet. 

Heating surface, 5,344 square feet. 
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RESULTS. 

Water apparently evaporated per pound of coal ‘ . . . . 9.498 lbs. 

Equivalent from and at 212° F. per pound of coal, not including economizer . 9.91 lbs 

Equivalent from and at 212° F. per pound of coal, including economizer . ° 10.27 lbs. 

Equivalent from and at 212° F. per pound of combustible, including economizer 11.25 lbs, 

Coal per square foot of grate per hour, No. 2 12.57 lbs. 

Coal per square foot of grate per hour, No. 3 . 12.97 lbs. 

H. P. No. 1 Air Pump ° 12.83 

H. P. No. 2 Air Pump 11.76 

H. P. No. 1 Engine. 

1st. 2d. 3d. 4th. sth. 

9.67 hours. 12 hours. 8.67 hours. 7 hours. 12.33 hours, 

H. H o 6 180.43 99.78 194.11 172.78 
H.C 149.84 79.85 142.09 128.47 

ea ae 330.27 179.63 sae 2 0 he tee 301.25 

a 205.70 154.56 eee. . | sans 189.95 
C.. . 157-77 119.52 170.96 146.16 

: |. eee 363.47 274.08 Sige - 1 sxéons 336.11 
Total H. and L. 693-74 453-71 711.44 oe 637.36 

Average H. P. No. 1 Engine . ° ° . ° . ° 618.34 

H. P. No. 2 Engine. 

ist. 2d. 3d. 4th. 5th. 

9-67 hours. 12 hours. 8.67 hours. 7 hours. 12.33 hours. 

H. H 164.91 133.26 208.30 196.55 172 63 
H.C 86.55 53-26 127.48 121.03 87.03 

ZO. 4 251.46 186.52 335.78 317.58 259.66 

Le. 193.76 172.32 209.98 214.82 181.37 
L.C. . 200.97 179.87 213.40 216.73 184.26 

Se eee 394-73 352.19 423.38 431.55 365.63 
Total H. and L. 646.19 538.71 759.16 749-13 625.29 

Average H. P. No. 2 Engine . . ° a er . . . 648.65 
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RESULTS. — Continued. 

No. 1 Engine. 

1st. | 2d. 3d. 4th. sth. 

9-67 hours. | 12 hours. 8.67 hours. 7 hours. 12.33 hours. 

en — 

Kilowatt? «§ «5 s © @ 434-93 313.85 492-29 fl tee 425.24 
H. P. output 583.02 420.71 669.92 [| = cccoee 570.04 

Average kilowatts, 50 hours (calculated) 409.87 
Average H. P. output, 50 hours 549.42 

No. 2 Engine. 

1st. 2d. 3d. 4th. sth. 

9.67 hours. 12 hours. 8.67 hours. 7 hours. 12.33 hours. 

eee a esis ' a 

Kilowatts . «6 « « « 489.49 390.77 | 528.35 538.06 450.56 
H. P. output 656.16 523.82 708.25 721.26 603.97 

Average kilowatts, 50 hours (calculated) . P ‘ e ° ‘ ‘ ’ ‘ P 414.28 

Average H. P. output, 50 hours . ° F : ; : : P ° - : ‘ 555-33 

Coal per steam H. P. per hour of main engines while engines were running . P 1.76 Ibs. 

Coal for plant per H. P. output per hour. ° ° P ° ° P ° P ° 2.02 lbs. 

Coal for plant per kilowatt per hour . ‘ ° ° ° ° ° ° ° - ° 2.71 lbs. 

Electrical efficiency es a ce ce ee ee toa . ‘ ° 87.2 

BoILerR TESTs. 

The summaries given represent the results of three tests made, 

not primarily with the aim of determining the evaporation per pound 

of coal, but to get, if possible, some idea of the ratio of heating sur- 

face to grate area, and also to find the loss of draught pressure and 

the leakage of air at different parts of the setting. 

The boiler tested is set in battery with another boiler of the same 

size, there being a 20’ wall between the two. 

The boiler is 60” in diameter, 16 feet long, with eighty-four 3!’ 

tubes 16 feet long. It rates at 100 horse power (A. S. M. E. rating). 

Built by the Roberts Iron Works Company, of Cambridgeport, Mas- 

sachusetts. 

The total heating surface, taking one half the shell and the inside 
surface of the tubes, is 1,113 square feet. 



ses aI TE YE, 

2904 Results of Tests Made in the Engineering Laboratories. 

The grate area is 25.9 square feet. The grate is 24 inches from 

boiler. 

The bridge wall is straight across the top, and 8 inches below the 

bottom of the boiler. 

During the first test (Nos. 146-148) the boiler tested was run at 

a maximum rate, fires in the other boiler being banked. 

During the second test (Nos. 149-151) 38 tubes were plugged, 

reducing the heating surface from 1,113 to 670.6 square feet. The 

boiler was run so as to keep the evaporation per square foot of heat- 

ing surface the same as in the first test. 

The same method was followed in the third test, 52 tubes being 

plugged and the heating surface reduced to 507.5 square feet. 

During the second and third tests Boiler No. 4 was run at a mod- 

erate rate, and there may have been some heat carried to No. § Boiler 

through the middle wall of the setting. Before the test the brick- 

work of the setting was pointed up. The brickwork was not white- 

washed. The tubes were plugged with iron caps at both ends. 

Samples of gas and draught pressures were taken at different 

parts of the setting, porcelain tubes having been built into the setting 

for this purpose. These tubes were located over the grate, in the 

ash pit, over the bridge-wall, halfway from bridge wall to the back of 

the boiler, at the back end of the boiler, and in the uptake. 

The gases from both boilers were discharged into a wrought iron 

stack (unlined), 3 feet diameter and 100 feet.tall. An iron ladder and 

four stagings were built on. the wall of the building near the stack, 

and observations of temperature and draught pressure were taken at 

these four points in addition to the others. 
These readings are quite interesting, as they give some idea of the 

joss of draught pressure with loss of temperature, and also the amount 

of cooling of the gases. 

The accompanying photograph (Fig. 1), taken during the test, 

shows the ladder and the protection given the stack by surrounding 

buildings. 
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SUMMARY OF A 24-HOUR BOILER TEST. 

Date, January 13, 1896, 8 A.M., to January 14, 8 A.M. Nos. 146-148. 

—— - 

PRESSURES | Temperatures. °C. WEIGHTS. 2 
| v 

: Cn ae ae i 
§ | eG ” ” 5 
ae |} o 5 " rm) 

Time g é ‘ | % Sy = o REMARKS. 
ee u * o is e. 3 “= 
= & c = - | & > wv “vu - 

Ey | ¢ S| |/a¢| 63 | 33 |S 
s- | 8 8/2 )88) a | a | bs | 
S a fo to | oH 4 i a } 

| | | | | 

Jan. 13 | | | Ash and clinker. 
to 4. 14.74 63.5 1.4 199 8.2 | 27.6 | ...- 35,582 4,040 | .993 410 

Jan. 13 | | 
gto 12 14:77 69.5 |—.9| 206 | 6.4] 28.1 | 181 | 30,848 3,900 | .994 566 | | | | 

Jan. 14 | | 

12108. | 14.76 | 73-§ |—3-4| 218 | 7.8] 35.7 | 24.2 | 28,423 3,768 | .994 | 438 | | | 

Total, 206.5 —2.9| 623 | 22.4 | 91-4 | | 94,853 | 12,308 | 1,414 
| | 

a — 
Average,| 14.76 68.8 | —.97 208 7:5 | 30.5 | | .994 | 

3oiler No. 5 

1. Description of boiler: Horizontal multitubular. 

2. Grate surface, No. 5, 60fin. by 61fin. Area,feet . . 1. 1. «2 © © ew ow 25.9 

3. Water-heating surface, feet. . . ae alle ene ae we aKa 1,113.3 

4. Ratio of water-heating surface to pan eurfecs eed ee OR ae er ae eee ee 42.9 

s. Pounds coal fired, including coal equivalent of wood . . . 1. 2 1 ee ew ew 12,308 

6. Unburnedfuel . . . oe @ hk eee a ee ee ae ° 

7. Coal burned, including wal eben of wel. 6.8 oe ko a we le eee eee 12,308 

8. Average coal burned for1s minutes . . . 2. 2. 2 2 © s+ © © © © @ © wo ow 128.21 

9. Tetal refuse from coal eis SOM ey, Sek el, ae WA ee ee een wR AN 1,414 

10. Totalcombustible . . . ck 498 dee Ue Oe) ee ee ee OO ae ae 10,894 

11, Average combustible for 1g minutes . 2. © 2 6 6 ee ee ee ee ee 113.48 

, 12. Average pounds of air for — minutes. a a a Poe te at ok oe te ee er 

sh. Air OP POON OE CORE 2k ka eH ew 2 oe ew ee —_ 

14. Air per pound of combustible . . 2. 2. 2. 2 6 1 2 6 © ew we ww 

15. Quality of steam, saturated steam taken asunity . . ane ea ete ee -994 

16, Total water pumped into boiler and apparently enneutel Lous: ec ee ee eee 94,853 

17. Water apparently evaporated per pound of coal. . . 2. 6. 1 6 ee ee ee 7-71 

18. Water actually evaporated, corrected for quality of steam . . . 2. 1 1 ee es 94,284 

Ie 19. Equivalent water evaporated into dry steam, from and at 212° F. P ‘ 113,794 

20. Equivalent water evaporated into dry steam, from and at 212° F., per oe of wn ‘ 9.24 

21. Equivalent water evaporated into dry steam, from and at 212° F., per pound of com- 

bustible . . . ‘ a a oe ee ie ee ee” ee 10.44 

22. Coal burned per square ‘foot - one cusihinn per hens oe é 19.8 

23. Water evaporated, from and at 212° F., per square foot of henihiis saci: per ohene 4.26 

ANALYsIS OF COAL. ANALYSIS OF ASH. 

C, 82.41% C, 23.7% 
H, 1.80% H, 0.2% 

H,O, 1.87% Ash, 75.0% 
Ash, 9.46% 

Entire heating surface. No tubes plugged. 
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TEMPERATURE. °Cenr. i 
Date, January 13-14, 1896. Nos. 146-148. 

Stack. 

| 
q Time. th e tb i) Time. Time. EI . & 5 ae q : 2 a eo & c 4 = vo oe R- + es ba s P R_ fe = R 2 = fr i 

| 8.00 200 wees . sone 4:3 215 2.00 | 230 8.15 207 sees cece . eee 4-45 | 200 2.15 | 236 8.30 191 cove ooee eee 5.00 210 2.30 230 8.45 | 180 abe seat ae seks 5-15 | 202 2.45 | 232 9.00 194 sees coe eeee eee §.30 | 220 3.00 | 213 9.15 185 see eee eeee see 5-45 222 3-15 202 9-30 172 eevee 6.00 215 3-30 | 22 9-45 190 cece cece cece sees 6.15 230 3-45 | 227 10.00 190 sews sae wees eee 6.30 225 4.00 | 232 10.15 192 ese seee cea soos 6.45 210 4:15 | 2m1 10.30 185 eoee cece eoes cece 7.00 212 4.30 202 10.45 190 ee ose 7.45 228 4:45 | 22 Il.00 | 206 sees coos sees sees 7.30 219 5.00 | 234 11.15 192 eee cece cece 7-45 196 5-15 | 222 11.30 | 205 saw wees —— eee 8.00 204 5-30 | eons 11.45 195 ails cane cece coos 8.15 195 5-45 | 218 12.00 | 206 200 193 182 157 8.30 205 6.00 | . 12.10 | ones 190 188 185 162 8.45 202 6.15 Pere 12.15 | 198 ee Ae eas ae 9.00 197 6.30 | 226 12.20 | tees 198 189 188 168 9.15 207 6.45 | 19! I 12.30 | 212 202 195 187 174 9.30 205 7:00 | 206 } 12.40 | ese 197 187 187 173 9-45 217 715 | 230 ; 12.45 | 199 cee cons eeee eee 10.00 205 7-39 239 12.50 cove 198 189 186 172 10.15 198 7-45 | 220 1.00 | 206 202 194 179 174 10.30 186 8.00 210 1.15 195 Seas osm sees coe 10.45 204 tees tees { 1.30 201 ceee 006 ee eve 11.00 213 1.45 214 eeee cone baw cove 11.15 203 2.00 221 . eee coon cess 11.30 156 . 2.15 216 eee sees oe sees 11.45 176 2.30 197 ieee cece ree cece 12.00 208 cece eee 2.45 206 eeee oat ane ¢eoe 12.15 210 ainee sie 3-00 192 eves cose eee . 12.30 220 eoee seve 3-15 208 ace cece ‘ ee 12.45 209 eoce vce 3-30 214 eves asee cove ee 1,00 193 eee cece 3-45 216 cece voee sees ee 1.15 215 cove cove a 4.00 210 meee ceuw ose, . 1.30 210 sees cose 4-15 | 209 
e 1.45 eoee 

fa 

i : 
‘ 4 | 
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be GAS ANALYSIS. 

Date, January 13-14, 1896. Nos. 146-148. 

| } 
Over GRATE. Over Brince WALL. Back OF BoILer. | Five. 

Time. “paced es eta Nae aac (ace : 7 

CO;. | O. | co. | N. | CO,.| O | co. | N. | COg] ©. )co.| N. | COL) O [COL mM 
| | i ) — 

8.00 ooee cee eeee epee esee see | saws cone ll eeee Pr ee ee ee 

g.00 sneer eee seer seer weer coe | cove seoe | eoes eee eeee tee 

10.00 | 7.2 | 04] 15.4] 77:0] 9.0] 0.0| 16.4 | 74.6 | -.-. | oe. | aa | osas | 2R8 5-4 | 0.4 | 81.2 
11.00 4.8 | 02] 19.8 | 75.2 8.0 | 0.4 | 19.8 | 71.8 | 18.2 0.4 | 3.2 | 78.2 | 14.6 5-6 | 0.0 | 79.8 
$2.00 | ose “ws oeee eave ens oon was bene esse | eee ° eer eine F “es 
1.00 5.8 | 20] 17.9 | 763 | 88] 00] 15.0} 76.2 7-6| 11.6 | 0.4 80.4 | 12.0 8.2 | 0.0 | 79.8 
2.00 | 15.0 | 0.0 7-4 | 77-6 | 12.0 | 0.6 | 12.4 | 75.0 | 10.0) 9.6 | 0.4] 80.0 | 12.6 8.2 | 0.2 | 79.0 
3.00 | 9.0 | 0.2] 1§.6 | 75.2 | 13.8 | 0.4 9-6 | 76.2 | 14.4] 3.6 | 0.0] 82.0 | 12.0 8.4 | 0.0 | 79.6 
4.00 J sees | 13.3] 2] 7.7 | 78.8] 161] 3.5 | 085] 79.9 | 10.6 8.4 esiep 
G00 | seve | coe | cece | cove | 22.0] O46] §5 | 82x] 19.9] 48] 2.2 | 80.6] 22.6 9-6 | 0.2 | 78.6 
6.00 | | m.t | 0.6] 10.5 | 77.8] 14.3] 1.5 | 1.1 | 83.1 | 12.4] 7.1 | 0.0 | 80.5 
7.00 | 4-1 | 9.9 7-9 | 78.1 | 14.2 1.7 | 0.2 | 83.9 | 11.3 | 8.6 | 0.0 | 80.1 
B00 | cose | sew | cece | oe 10.1 | 7.5 2.8 | 79.6 9-0] 9.6 | 0.0 | 81.4 9-6 | 10.6 | 0.0 | 79.8 
G.00 | sees | coe | sooo | cece 14.0 | 2.0 §.0 | 79.0] 14.3] §0]| 0.2 | 80.5 | 10.4 9.2 | 00 | 80.2 
10.00 coco | coos | 86] QS 1.5 | 80.4 | 10.5} 88) on | 80.6] 8.3 | 11.9 | 0.0 | 79.8 
IT.00 | «eee | coe | coos eee 10.1 | 4.2 5:7 | 80.0 | 12.1} 7.9 | 00] 80.0 8.8 | 12.0 | 0.0 | 79.0 
SOO | <ive L san: F cacs. | wees 11.8 | 0.8 g.2 | 78.2 6.4] 14.2 | 00] 79.4] 101 | 9.4 | 0.0] 80.5 
3.00 | soe eve cove | eecs 13.0 | 3.4 3:9 | 79-7 11.0] 9-4 | OF | 79.5 10.4 8.8 | 0.0 | 80.8 

S00} ives | cos | sect | auve 9-4 | 0.6 | 12.3 | 77.7] 13.6] §.2 | 00] 81.2 | 10.0 8.2 | 0.0 | 82.8 
9:00 | once | coe | osce | cove | cece | coe | cove | ence 2] 9.4] 0.0] 81.4 | 11.8 8.2 | 0.0 | 80.0 
B00 | ccce | vee | eae } ces 14.8 | 0.6] 2.4 | 82.2 | 10.6 g.2 | 0.0 | 81.2 8.2 | 12.8 | 0.0 | 79.0 
G00 | -oee | coe | seoe | coos | 28.4 | 08 9-8 | 78.0} 12.6 7-7 | 90] 79.7 | 10.0 | 10.2 | 0.0 | 79.8 
6.00 | sooo | vos | rove | coos | 27.0] CO 2.1 | 80.9 6.0 | 14.6 | 0.0 | 79.4 | 10.7 | 9.6 | 0.0 | 79.7 
F.00 | saoce | see | seve | seve 10.0 | 1.0 8.0 | 81.0 | I1.0 9:7 | 9.0 | 79.3 9:3 11.0 | 0.0 | 79.7 
B.00 | cece | ove eens wees 9:5 | 1-5 | 10.0 | 79.0 | 10.6 g-0 | 0.0 | 80.4 | 10.4 5:6 | 0.0 | 84.0 

DRAUGHT PRESSURE. INCHES OF WATER. 

Date, January 13-14, 1896. Nos. 146-148. 

} | & | 
| | = STACK. 

| } 2 : | cece —_ 

| | | 3s | § | | | 
Time. | é | = | % | 8 | eh ee Ee bo 

ri } 3 | De | ? | s & |} § 
te | ) | - | ° } 3S =: = . | = 

s | gs 3 " | @ = s a ; = 
i’ | 6 | 5 s 5 % z 7. | 4 

| 

8.00 236 | 382 | 358 284 .529 3 
8.10 | ome | e 
8.20 | 542 oo 

8.30 +204 362 +352 =| .284 -538 bo 
8.40 | | +503 gz 
8.50 SI g 
9.00 +232 +356 390 | 310 | +522 eo 

4 g-10 | | | -520 2 
9.20 | -491 3 
9.30 -256 .402 424 | 372 | .§18 
9-40 | -§28 =. 

9.50 | | $44 — 
10.00 +252 388 -434 «| 380 527 ro 
10. 10 | -526 

10.26 = g g g $s 
10.30 | 164 456 446 | .400 | -§26 | ¢ © g re 
10.40 | | 535 | od ad ” ba 

| - o o e © 10.50 | | “558 | > > > : 

11.00 | «170 334 -330 | «er 3 a te 
11,10 | -543 | Af c « os 

| | ~ ~ - ~ 
11,20 | -565 | 9 y y % 
11.30 .218 .372 374 334 | 542 | pe pe 
11.40 } «563 | ” ia 8 o 
11.50 -562 | 
12.00 eee haces weed means +546 | 440 168 | .086 
12.10 554 | 414 +332 188 | -116 
12.20 -560 -428 +312 -168 | -106 
12.30 eee rer eoee oece -572 -428 312 | 188 | +104 
12.40 -545 -434 314 | 186 +122 
12.50 -550 | +436 -328 | +196 | .088 
1.00 ‘ Por uses some 97 | -436 +334 | 216 | 110 
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DRAUGHT PRESSURE. 

Date, January 13-14, 1896. Nos, 146-148. 

INCHES OF WATER. — Continued. 

Time. 

PPPPPASCCHOHOHWO NN PNY RH He , t nN 

° 

F | | | F 
a). | | se 
al - oo 7 

; ‘2 = | = ; mA x 
g 3 2 {oe | te a oe: oe 
g s a ee 3 <s | 8 Ss ak P 
oo e a ° |. =a & | ©, = | ° | 2 
o a=) a ie fae Ves | 2 o a $ 2 ‘ s | 2 fh Sa 2 S | ss ~ fo) = P | RA | PB | o) a | P | w | p 

| | | | 
+543 | 10.40 | | | +527 

wae | 10.50 | +438 
240 382 410 354 560 11.00 | .176 | +336 246 | .510 

+$63. | 82.10 | 463 
553 | 11.20 | | +365 

.206 .322 424 -288 547 | 11.30 | .186 .396 1326 | .369 
+569 | 11.40 | | +447 
ean | 2-50 | > caret 

.170 .328 .372 .258 443 | 12.00 | .206 .356 sate .332 | 688 
553 | 12.10 | |} .558 
eoce | 12.20 | | -625 

.228 362 364 +330 -546 | 12.30 | .178 | .398 -254 | 523 
-§60 | 12.40 | | | .495 
.570 | 12.50 | | lh das 

258 364 424 -338 .§60 | 1.00 | .226 388 eos 336 -638 
570 | 1.10 | +428 
-576 1.20 +420 

.228 -348 374 +244 -583 1.30 -114 -178 .146 ooo 
-578 1.40 esas 
588 1.50 -610 

236 338 +278 «580 2.00 -248 374 +342 -622 
-588 2.10 -620 
-588 2.20 -638 

.240 +402 . -348 .589 2.30 +190 +342 «300 674 
581 2.40 -674 
-604 2.50 eoee 

+214 +322 . +336 -577 3.00 188 +344 . .286 boas 
589 3.10 480 
-589 3.20 600 

+228 +392 -366 -597 3-30 308 -340 284 +334 -616 
-598 3-40 -618 
«596 3.50 -614 

198 .260 322 597 4.00 .160 238 244 202 574 
-457 4.10 | -606 
+599 4.20 | +580 

+214 .380 eee +354 +592 4.30 -168 -156 234 228 | -618 
582 4.40 +516 
-562 4-50 | +570 

-162 314 +334 -605 §.00 -176 +314 328 .262 | «570 

+573 5.10 | +552 
«585 5.20 | +580 

+220 -346 . 356 -572 5.30 +176 142 +232 364 $94 
571 5-40 | -608 
-588 5.50 -616 

+206 368 -326 «590 6.00 228 324 314 294 | .614 
| .5§60 6.10 | -538 
| .§62 6.20 | ewe 

.126 394 eee +320 | 1513 6.30 218 -136 -146 .206 | .594 
| +516 6.40 ] sees 

-565 6.50 | 564 
154 366 +174 | -405 7:00 -238 +340 -366 +340 -600 

| -408 7.10 | | -600 
| .464 7.20 -602 

168 +340 206 | 460 7-30 .236 o10 380 +200 604 
| +463 7-40 -632 

+242 7-50 +724 
204 +342 eee -164 | +241 8.00 192 0:8 +324 -186 sees 

' 
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SUMMARY OF A 223-HOUR BOILER TEST. 

Date, January 14, 1896, 9.15 A.M., to January 15, 8 A.M. Nos. 149-151. 

| * 
| ecnninen, TempPERATuRES. °C, | WEIGHTS. < 

o 

ee 9g i } ~ | +h | & 

| 2 & 4) 3/88 | 3 
jo 3 rt eed alo, 

\ Time. | 2|¢ : $ e | 34 | Gz | cca | $3 REMARKS. 
es | #1 5] 2] 8 Sy | 5 1 B48 [a5 

o S 6 = 2 =| Fea |e i= si os 
| oF] * | 2 S|3 RE | 38 | ‘Se %8.6 | wt 

18h) £ | 2/818] E168! | a2] G80! es 
a |a|é|je}eleje"|a [a je"|e° 

Jan. 14. | | Ashes and clinkers. 
g.15 to 4. | 14.76) 72.9] 4-5) 193 | 6.8) 27.0] 26.0 | 17,791 | 2,300] 1,594 | -995 388 | | 

Jan. 14. 
4 to 12. | 14.80] 74.3|— .4| 208] 7.4] 30.4| 27.3 | 23,905 | 3,150] 1,396 | .994 611 

Jan. 15. | 
12 to 8. | 14.85 | 76.8 | 2.7 | 207] 8.1 | 27.2 | 23.5 | 21,935 | 3,150 | 1,420 | 993 438 

| | | ae ae | | 
Total, | 224.0 1.4 | 608 22.3 | 84.6 | 76.8 | 63,631 | 8,600 | 4,410 | .994 | 1,437 

| l | | | | | 
Average, 14.80 | 74.7) +-5 203 | 7-4 | 28.2 | 25.6 | 1,470 

, s . , Boiler No. 5. 
1. Description of boiler: Horizontal multitubular. 

2. Grate surface, No. 5, 603 in. by 614 in. Area, feet $ See Vetod ae x 25.9 

3. Water-heating surface, feet. . . . a a ee ee ee a eee 

4. Ratio of water-heating surface to guns cartons SR We ar Oe ere ee we 25.9 

5. Pounds coal fired, including coal equivalent of wood . . . . . ..... . . 8,600 

6. Unburned fuel . . . Me ee ar ee ee ae Oe ee ° 

7. Coal burned, including coal equivalent of wood ie eee Gh Ce) he een 
8. Average coal burned for1s minutes . 2... «©. eee 1 ew we ee ee) OME 

eS ee ee ee ee ee 
10. Total combustible. . . . Sad Oe ee ete Ss a be eee Ca 
11. Average combustible for r5 minutes . . . 2. 2. 2 6 2 ee ee ww ee oe) 789 

12, Average pounds of air for1s minutes . . . . 2. 2 6 0 0 6 et we ow 8 BGO 

15: SER OO. ks eS Oe ee Ee Oe ee ee 
ye 14. Air per pound of combustible. . . . . Te ee ee ee ee ee ee ee 18.7 

15. Quality of steam, saturated steam taken as enity ee el eek ws Se ee -994 
16. Total water pumped into boiler and apparently evaporated. . . . . . . . . « « 63,635 

17. Water apparently evaporated per pound of coal. . . ae ot AR 8 he al eer ee 7-41 

18. Water actually evaporated, corrected for quality of coun CT eh er ee ee ee ee 

19. Equivalent water evaporated inte dry steam, from and at 212° F.. . - + 76,484 

20. Equivalent water evaporated into dry steam, from and at 212° F., per gamed of oul Yor 8.89 

4 21. Equivalent water evaporated into dry steam, from and at 212° F., per pound of com- 

: bustible . . . . ae ee ee ee a 

22. Coal burned per square foot - ‘om lees per tne see +. a we 8 14.6 

23. Water evaporated, from and at 212° F., per square foot of heating outline per hour. . 5.01 

ANALYysis OF COAL. ANALYsIS OF AsH. 

C, 82.41% C, 23.7% 
{ H, 1.80 % H, 0.2% 

H,0, 1.87 % Ash, 7s % 

Ash, 9.46% 

In this test 38 tubes were plugged, reducing the heating surface 442.7 square feet; the heating surface left 

being 670.6 square feet. This test was 22.75 hours long. 



300 Results of Tests Made in the Engineering Laboratories. 

TEMPERATURE. °CENT. 

Date, January 14-15, 1896. Nos. 149-151. 

STACK. 
| 

| 

Time. 2 x xa hy Time. Time. 

3 3 3 3 
é s a = s 3 s 
= - a a s os = 
ey 2 R > = fe ie 

| 
9.15 160 . 5.45 214 3.15 210 
9-30 | 193 eeee eee 6.00 201 3.30 213 

9-45 | 198 ° 6.15 215 3-45 205 
10.00 | 197 eee 6.30 217 4.00 175 
10.15 167 eee 6.45 216 4-15 209 
10.30 168 oe 7.00 209 4.30 211 

10.45 194 os 7-15 211 4:45 193 
11.00 200 . eee 7.30 222 5.00 211 
11.15 193 cece ° . 7-45 215 5-15 203 
11.30 180 . . 8.00 209 5.30 214 
11.45 195 «one oven ome sib 8.15 216 5-45 187 
12.00 200 188 182 182 173 8.30 209 6.00 212 
12.10 eee 198 195 185 173 8.45 180 6.15 219 
12.15 190 cece coce eee eee 9.00 202 6.30 215 

12.20 sees 196 193 188 174 9-15 212 6.45 197 
12.30 | 202 195 193 187 174 9.30 212 7.00 192 
12.40 cece 190 189 187 170 9-45 194 7-15 213 
12.45 205 ade seule eee eves 10.00 215 7.30 228 
12.50 tees 194 192 186 174 10.15 222 7-45 228 
1.00 205 189 187 179 168 10,30 210 8.00 218 
1.10 cece 187 180 176 168 10.45 193 Vie 
1.15 200 met cose cece ooee 11.00 166 vee é 
1.30 193 ° I.15 200 cece eee 
1.45 19! . ° 11.30 203 coe 
2.00 197 veee 11.45 214 ° cee 
2.15 193 cece 12.00 225 ° oe 
2.30 186 sees eee . 12.15 220 . ° 
2.45 188 ° . 12.30 210 . eee 
3.00 185 cece . 12.45 185 ee 
3.15 185 ooee 1.00 205 coe ee 
3.30 208 ° eee 1.15 213 . oe 
3-45 215 . eevee 1.30 211 . 
4.00 214 ‘ ee 1.45 Ig! . 
4.15 217 coke 2.00 206 ° 
4-30 212 ee 2.15 210 
4-45 204 . veee . ewe 2.30 208 
5.00 213 ‘ coos 2.45 185 
5.15 210 ‘ . 3.00 204 
5.30 190 eee ocee ° eee ones 
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GAS ANALYSIS. 

Date, January 14-15, 1896. Nos. 149-151. 

Over GRATE. | Over Bripce WALL. Back oF Boirer. | Fue. 

Time. ] 7 — ss ee j 

CO,. | oO. | CO. | N. | CO,. | ©. | CO. | N | coy | O. [CQ | NM. | CO, | O. co. | N. 
| | | | 

| | i a 
9.30 | 13.8 | 02] 5.8 | 80.2 | 14.0 | 5.0 | 0.0 | 81.0 8.6 | 11.2] 0.0 | 80.2 8.0 | 11.0] 0.0 | 81.0 
10.30 | 12.8] 08] 07 | 857 5-1 | 14.t | 0.0 | 80.8 8.0 | 11.6] 0.0 | 80.4 5-4 | 13-6] 0.0 | 81.0 
11.30 | 12.0 | 5.6| 00 | 82.4 5:5 | 14.5 | 0.0 | 80.0 7.8 | 10.6] 0.0 | 81.6 6.2 13.0 | 0.0 | 80.8 

2.00 | 10.0 | 10.4 | 0.0 | 79.6 6.0 | 15.0 | 0.0 | 79.0 6.0 | 13.8] 0.0 | 80.2 7.2 | 12.8] 0.0 | 80.0 
3.00 9.2} 0.6] 8.0 | 82.2 5-§ | 14.0 | 1.0 1 79.5 | 17.2 8.0] 0.0 | 80.8 7.8] 11.2| 0.0 | 81.0 
4.00 | 19.0 8.5 5.1 | 67.4 | 18.4 1.6 | 07 | 79.3 3.8 | 17.0] 0.0 | 79.2 | 10.8 9:5 | 92] 795 
5.00 | 17.2 | 10.6] 8.4 | 63.8 | 13.6] 7.4 | ao 79.0 8.6 | 12.6] 00 | 78.4 » 1 Saas Reece teens 
6.00 | 12.0] 7.8] 0.7 | 79.5 | 11-0] 9.4 | 6.6 | 82.0 5.2 | 14.6] 0.0 | 80.2 0.5 | 20.3] 0.2 | 79.0 
7.00 | 13.7 6.1 0.4 | 79.8 | 15.8 | 0.2 3-4 | 80.8 | 13.9 4.0| on | 82.0] 11.5 7:7 | 0.2 | 79.6 
8.00 | 17.0] 2.7] 01 | 80.2 | 15.8 1.0 1.7 | 81.5 | 10.9 7:8 | 0.1 | 81.2 | 10.0 | 10.0| 0.0 | 80.0 
g.00 | 12.2] §.4]| 0.1 | 82.3 | 15.8 | 0.2 | 0.2 | 83.8 9.8 | 92] 00] 81.0 9-3 | 10.7] 0.0 | 80.0 
10.00 | 11.5 5-7 1.3 | 81.5 | 17.0 | 3.0 | 0.0 | 80.0 7:0 | 13.0] Of | 79.9 g.2 | 10.6} 0.2 | 80.0 
11.00 5.2 114.9 | 00] 79.9 | 12.1 7-5 | 0.0 | 80.4 7.2 | 12.1] 0.0 | 80.7 6.8 | 13.2 | 0.2 | 79.8 
12.00 | 11.4 7:4 or | 84.1 14.2 6.8 | 2.0 | 77.0 8.8 | 12.2] 0.0 | 80.0 ooce | see f anes 
1.00 | 17.0] 0.6 1.4 | 81.0 | 17.8 3.2 0.0 | 79.0 4:8 | 16.0] 0.0 | 79.2 coe | eens 
2.00 | 16.2 2.4 | 0.8 | 80.6 14.8 1.2 0.2 | 83.8 9-0 | 11.4] O10 | 79.5 | esas | eoee 
3.00 | 130 1.4 54 | 81.2 16.6 | 2.4 | 00 | 81.0 | 11.2 8.3 | o1 | 80.4 e | cece | cece 
4.00 | 13.0] 2.1 3:5 | Sr.4 | 13.0 | 6.0] 0.2 | 80.8] 9.6 g.0| on | 81.3 Jonni Wicks 
5.00 | 8.4] 0.6] 10.8 | 80.2 | 15.6 | 0.6] 1.8 | 82.0 | 12.0 7-4| 0.2 | 80.4 . je | err 
6.00 | 10.2 | 0.8 | 10.2 | 78.8} 18.6 | 0.8 | 0.0 | 80.6] 11.8] 8.4) 0.2 79.6 cece | eee 
7.00 | 12.6 | 08 4-4 | 82.2 11.0 0.4 0.0 | 88.6 | 14.1 4-9| 0.1 | 80.9 coe | cece 

8.00 | 13.0] 9.8 1.6 | 75.6 2.3 | 16.7 | 0.0 | 81.0 9:5 | 95] OF | 80.9 ° | whee 
! | 

DRAUGHT PRESSURE. INCHES OF WATER. 

Date, January 14-15, 1896. Nos. 149-151. 

3s STACK. 
‘$ 
4 . 
— — 

° 8 
oy = “ 3 ° ‘ ; ° 

aod : 2 = 2 f 2 | 2 
5 2 3 4 $ £ Ee FE s 
> E E % a. ~ a pe | « 
fo) ) > ) +s) 2 3 zz | 3 

g.20 458 
9.30 | 124 . 100 172 -498 

9-40 | -480 
9-50 +472 
10,00 +120 cove -154 -148 506 
10.10 | .460 
10,20 seer 

10.30 | 136 see 118 -206 438 
10.40 | +450 
10.50 -440 
11,00 +124 eoee 216 +140 -478 
11.10 -468 
11.20 +438 

11.30 -116 146 +134 184 +440 
11.40 +409 

11.50 +470 

12.00 aor er ones éeee +480 +436 +330 +212 -210 
12.10 +450 426 +326 .218 -112 
12.20 -498 +416 318 178 -084 
12.30 ooee éeiee ones ones -498 426 308 +200 .070 
12.40 -476 +404 +300 -182 +130 
12.50 460 +432 324 192 +0go 
1.00 aces cece ooee -492 -428 +314 +190 +104 
1.10 +516 -414 +306 +206 +104 
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DRAUGHT PRESSURE. INCHES OF WATER. — Continued. 

Date, January 14-15, 1896. Nos. 149-151. 

3 s | 
é ; SF 
3 | 3 3 | 3 

Time. é = 3 3 Time. s | 3 3 

¢ id s ‘s ‘ £ s | oe ‘ 
to e ~] a On eo ro ° =) 

5 o S “ $ 5 o 3 | # $ 
> “e Ss e = > c Aa Gs = 
e) a =) = 1) ° a =) | a2) p 

1.20 | +470 10.50 -416 

1.30 118 .178 -196 -166 «500 11,00 140 -182 208 -186 501 
1.40 | -450 II.10 +525 
1.50 -478 11,20 567 
2.00 122 +190 +192 +142 -478 11.30 +176 184 068 084 -533 
2.10 +492 11.40 +547 

2.20 482 11.50 -565 
2.30 128 +192 188 176 454 12.00 222 +202 186 571 
2.40 -460 12.10 | 560 
2.50 -488 12.20 577 
3.00 124 +244 +204 +230 -508 12.30 ° +174 -196 -162 -556 
3.10 -484 12.40 -536 
3.20 -486 12.50 464 
3.30 -160 +230 +224 224 -534 1.00 oe 218 228 +144 461 
3.40 -474 1,10 | 451 
3.50 +504 1.20 | 458 
4.00 140 216 216 +184 532 1.30 +202 +196 138) | 453 
4.10 528 1.40 457 
4.20 -578 1.50 453 
4.30 146 232 248 196 -458 2.00 cee 226 +254 186 561 
4.40 -506 2.10 577 
4.50 564 2.20 +559 

5.00 | .054 -198 .218 180 +492 2.30 ° +202 226 164 568 

5.10 +540 2.40 531 
5.20 +472 2.50 | 25 
5.30 158 230 238 +190 -494 3.00 wes 240 -260 -234 | .566 
5.40 572 3.10 | 571 
5.50 -560 3.20 | 420 
6.00 -168 +274 +270 +244 .500 3.30 . 216 224 186 | 1545 
6.10 +527 3.40 +536 

6.20 | +545 3.50 | +497 
6.30 | +140 +214 +236 -200 -544 4.00 +264 256 214 -SIn 
6.40 -544 4.10 +561 

6.50 | +507 4.20 | .§60 
7.00 | 114 -264 +294 +254 555 4.30 ees 224 +224 186 | -563 

7-10 | +344 4.40 | 572 
7-20 | -542 4.50 -546 

7:30 | .116 .198 +200 168 -576 5.00 +254 276 -200 | 574 
7-42 | +479 5.10 -567 

7-50 -454 5.20 532 
8.00 152 +226 +252 226 -555 5.30 eves +240 +242 -198 | .574 

8.10 +555 5.40 |  .§50 
8.20 +559 5-50 } +540 
8.30 080 124 .128 .100 -604 6.00 wares 256 258 214 | «580 
8.40 -567 6.10 +575 
8.50 -49° 6.20 | | .5§86 
9.00 164 .256 -260 +224 -556 6.30 182 -200 | .162 -496 
g. 10 -563 6.40 | | .5§85 
g.20 536 6.50 | 530 
9.30 +132 +198 .218 174 538 7.00 . +230 078 170 |  .579 
9-40 -553 7.10 | .§86 
9.50 +325 7-20 | 601 

10.00 148 224 236 +194 -514 7.30 -286 +252 228 | .619 
10.10 -515 7-40 | 615 
10.20 +523 7-50 611 
10.30 -082 118 120 086 408 8.00 coos +380 -166 +254 580 
10.40 +370 
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SUMMARY OF A 23}-HOUR BOILER TEST. 

Date, January 15, 1896, 8.30 A.M., to January 16, 8.15 A.M. Nos. 152-154. 

PRESSURES. Temperatures. °C, WEIGHTs. s 
a 

en i a ne nn a ee al ae as 
4 & | S] Sas 1/5 
eS | 6 aia 3. 

Time | FZ] ¢ ‘ £ | §4 |_% aéai| oe REMARKS. 
-§ H . 2 a OD b 2 = 

s=| ¢|® S| 8 |e | 6 | 28) 225 | 2 
ee) eo] a] | 2] 3 | fe) 28 | 38] ee] 25 
}s218/2/] 818) 3 | 88) s | a | Bae) a8 
| ioe] n ° a _ ae & | od a < m 

1 pe | _ | 

Jan. 15 | | Ash and clinker. 
8.30 to. a 14.88 | 74.6 4:5} 189 6.8 30.1 | 21.6| 18,851 | 1,960| 1,157 | .993 253 

Jan. 15. | q 
4to12. | 14.91] 73-4] —5] 190 | 7-7 | 27.3] 25.1] 17,782 | 1,960] 1,049 | .994 387 

Jan. 16. | | 
12 to 8.15. | 14.95 | 73-3 | 4-2] 192 8.2 | 30.5 | 23.6 | 17,971 | 2,310 1,263 -994 228 

Total, 221.3 | —.2] 571 | 22.7 | 87.9 | 70.3 | 54,604 | 6,230| 3,469 868 

= fet ae Beate 
Average, 14.91 | 73.8] —.1] 190 7.6 29.3 | 23.4 | | 1,156 | .994 

f : Boiler No. 5. 
1. Description of boiler: Horizontal multitubular. 

2. Grate suriace, No. 5, 60 in. by 61g in. Area,feet . . . 1. 1. 2 «© «© we we oo 25.9 

3. Water-heating surface, feet. . . . er de ar Oe er ea ate a SAY Sak Sa ay 507.5 
4. Ratio of water-heating surface to grate cutee Pe ee ee ee ae ee ee ee ee 19.6 

5. Pounds coal fired, including coal equivalent of wood . . . 1. 1 ee ew ee 6,230 

6. Unburned fuel 6 he, Be ne ae ee Ae ° 

7. Coal burned, including eit oben of ous. oe ee a a eo 6,230 

S. Averaeeoul Dermed forxg Meets . HK 65.58 

@: TRIM cc Ee hee Oe ow 868 

10. Totalcombustible ... . Bk? Kiel, cee. lela, ee, ee eee a ae Leas cad §,362 

11. Average combustible for 15 aheaten Pew. & & mle eee tee eae Taree 56.44 

12, Average pounds of air for15 minutes . . . . . 1. 2. + © © © © © © wo 1,156 

4 Me ke em ee 17.6 

14. Air per pound of combustible . . . . ra ar et eer Te ea a ee 20.4 

15. Quality of steam, saturated steam taken as an a é WS 6's & 0 oe 6 -994 

16. Total water pumped into boiler and apparently opens +S hae kh ee ere ce 54,604 

17. Water apparently evaporated per pound of coal. . . . . « 2 » © © es © @ 8.76 

18. Water actually evaporacea, corrected for quality of steam  . . . 1 we ee ee 54,277 

19. Equivalent water evaporated into dry steam, from and at 212° F.. . ° 65,579 

20. Equivalent water evaporated into dry steam, from and at 212° F., per ound “a “t. 10.52 

21. Equivalent water evaporated into dry steam, from and at 212° F., per pound of com- 

bustible . . . Se a ee een es ee 12.23 

22. Coal burned per square font of grate suntan per hear. eee : 10.13 

23. Water evaporated, from and at 212° F., per square foot of heating: entinn: per aoe > 5:44 

ANALYsIS OF COAL. ANALYsIS OF ASH. 

Carbon, 83.40% Carbon, 20.9% 
Hydrogen, 2.00% Hydrogen, 0.4% 

Moisture, 1.07% Ash, 77-5% 

Ash, 8.75% 

During this test 52 tubes were plugged, cutting down the heating surface 605.8 square feet, and leaving 507.5 

square feet. This test was 23.75 hours long. 



GAS ANALYSIS. 

Date, January 15-16, 1896. Nos. 152-154. 
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Over GRATE. Over Brivce WALL. Back oF Boicer. Fiug. 

ico. CO,.| 0. co, N. | CO. Oo ico. | N. 
| 

| | 
3-0 | 1.2 12.2 8.6 | 0.6 | 9:4 80.8 7-4 | 1.2 | 82.0 
1.6 | 0.8 11.6 8.0 | 0.2 9.2 80.9 11.0 | 0.0 | 83.2 
6.2 | 0.0 17.6 | 2.4] 01 8.8 80.9 12.5 | 0.0] 80.2 
6.0 | 0.0 7-4 | 12.2 | o1 9.0 80.7 12.1 | 0.0 | 80.2 

10.4 | 0.4 g-2 | 11.8 | 0.4 8.9 . 79-7 12.9 | 0.0 | 80.8 
11.2 | 0.0 10.§ | 10.1 | 0.0 8.6 | 11. 79-4 12.1} 0.9 | 79.6 
9-9 | 0.2 11.7 9:3 | 0.6 4.0 5 79-2 ee whe cece 

13.9 | 0.2 | 12.6 $3 | 04 8.8 | 10. 80.6 . 
8.8 | 0.2 14.8 | 6.0 | 0.4 7-4 6 | 78.9 on 
6.2 | 0.2 14.8 7-2 | 0.3 10.0 4 79.0 ee 
0.6 | 0.2 15.6 6.4 | 0.3 11.0 9.6 79.2 o. . 
2.2 | 0.2 14.8 4-2 | 0.2 11.2 9.4 79.2 a > 
8.6 | 0.2 11.7 8.5 | 0.4 13.0 8.0 78.9 ee ° 
0.8 | 1.4 15.7 8.5 | 0.4 11.4 8.6 80.0 oe ° 
5:7 | 1.0 14.6 5-4 | 0.4 11.2 | 10.2 78.4 . ° 
0.8 | 2.2 14.8 4.8 | 0.4 12.4 8.8 78.5 oe . 
3-6 | 0.3 18.4 1.8 | 0.4 12.0 8.3 19-7 oe ‘ 
4:2 | 0.2 14.4 3-2 | 0.4 10.2 | 10.6 79.0 . ° 
3-8 | 0.0 12.6 7-0 | 0.0 10.1 9-9 79:7 ee ° 

: 13.4 | 0.3 13.2 6.6 | 0.4 10.0 | 10.5 79-3 . oe 
. 8.8 | 0.2 13.0 8.0 | 0.4 9-6 | 10.2 80.2 . ° 
é 12.4 | 2.0 10.0 9.6 | 0.2 10.6 78.8 

7:0 2.2 | 1.0 5-4 | 11.8 | 04 3-9 
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TEMPERATURE. ° CENT. 

Date, January 15-16, 1896. Nos. 152-154. 

305 

STACK. 

Time. sk x r & Time. Time. 

3 3g | 3 
S s 

é s 5 5 s é é 
= + “a “ s = = 
fe } % % > a es 

8.30 168 coe .00 199 2.30 200 
8.45 202 eee tee 5.15 192 2.45 206 
9.00 208 eee eee 5.30 192 3.00 203 
9.15 204 eee oe 5.45 196 3.15 190 
9.30 194 eos 6.00 194 3-30 180 

9-45 204 tees 6.15 198 3-45 199 
10.00 202 cove 6.30 189 4.00 199 

10.15 198 tees 6.45 190 4:15 190 
10.30 190 eee 7.00 189 4.30 178 
10.45 196 sees 7-15 183 4-45 200 
11,00 198 sees 7-30 175 5-00 198 
11.15 194 eoee 7:45 191 §.15 194 
11.30 186 eee 8.00 193 5-30 194 
11.45 196 eens 8.15 188 5-45 189 
12.00 192 cece 8.30 180 6.00 194 
12.15 189 sees 8.45 193 6.15 188 
12.30 178 eee 9.00 194 6.30 184 
12.45 194 see vee sone sanee 9.15 189 6.45 198 
1,00 195 200 cose 169 172 9.30 181 7.00 204 
1.10 aves 206 202 179 175 9.45 193 7-15 193 
1.15 192 owes cece oees eevee 10.00 193 7-30 180 
1.20 ateb 211 204 179 179 10.15 191 7-45 148 
1.30 176 208 205 178 184 10.30 188 8.00 181 
1.40 cece 182 179 173 163 10.45 198 8.15 eee 
1.45 191 eee «ane eee «ons 11,00 197 sees eee 
1.50 soos 182 177 166 11.15 193 eeee 
2.00 194 eee cove cove 11.30 173 . 
2.15 194 : 11.45 169 
2.30 191 ° 12.00 189 
2.45 198 . 12.15 188 eee 
3.00 199 . 12.30 178 

3-15 193 . 12.45 189 
3.30 171 ° 1.00 194 

3-45 193 ° 1.15 189 
4.00 192 ° 1.30 189 
4.15 194 eee 1.45 213 
4.30 197 . 2.00 210 
4-45 199 2.15 204 
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DRAUGHT PRESSURE. 

Date, January 15-16, 1896. Nos. 152-154. 

INCHES OF WATER. 

= 
3 STACK. 
A) 
a 

S 3 
Time. s 1 3 3 2 3 2 = 

6 = 3 g 3 3 g 3 
Ms ) 3 “ | s 5 s s 
5 = = 3 a * s 
° a =) -) =) S R + = 

8.30 316 +190 -160 197 
8.40 -526 
8.50 +525 
9.00 126 +174 +136 +102 +521 
9.10 -643 
9.20 -458 
9.30 090 +130 +174 .096 +528 . 
9.40 512 

9-50 +554 
10.00 +124 166 176 112 +506 ° eee 
10.10 +529 
10.20 -516 
10.30 +114 188 +170 -160 Sr eee oe 
10.40 -456 
10.50 +435 
11.00 .092 128 -122 +106 -442 coe 
11.10 -435 
11.20 -497 
11.30 -150 188 +200 166 -514 eee 
11.40 525 
11.50 +524 
12.00 112 «124 +140 +110 465 . ° 
12.10 500 
12.20 505 
12.30 114 +152 +162 +142 521 . 
12.40 +508 
12.50 -508 
1.00 coe * -508 +404 -306 +240 -106 
1.10 483 +454 +334 +212 +130 
2.20 -448 +450 -348 222 +114 
1.30 oe ° we -435 -448 +322 206 -108 
1.40 -442 +426 +310 -230 +100 
1.50 -436 -440 +300 -208 +120 
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DRAUGHT PRESSURE. INCHES OF WATER. — Continued. 

Date, January 15-16, 1896. Nos. 152-154. 

3 Fi 

3 ~— 3 
3 | 2 | 3 | § | 

Time. g S 3 ; Time. s 5 3 8 
ig Ea a wn | . ig = a “ . 
to r) he ° fog i) v - ° & 
sia2i@ 4 | 43 »i2iagitiatl|#@ 
> ~ 8 & a EH 5 & os | = 
° fos} P a | ° foo) =) a i=) 

2.00 088 124 128 | 100 442 11.20 445 
2.10 | | 479 11.30 106 Pre 096 014 190 
2.20 | -482 11.40 +190 
2.30 | .II4 134 182 144 479 11.50 -475 
2.40 | 482 12.00 578 sees +136 cece 487 
2.50 | +479 12.10 -476 
3.00 | 096 122 150 +106 487 12.20 494 
3-10 | 475 12.30 142 cove .178 174 -495 
3.20 477 12.40 528 
3.30 -126 +150 -198 -128 oha 12.50 -462 
3-40 532 1.00 100 eves 184 cove 541 
3.50 | $23 1.10 -459 
4.00 .074 are .158 116 509° 1.20 487 
4.10 +526 1.30 -146 eoee .256 188 -491 
4.20 .482 1.40 484 
4.30 +094 eee +176 116 -450 1.50 -584 
4.40 -468 2.00 -100 cece 190 anne 594 
4.50 468 2.10 +592 
5.00 .080 eeee +142 +092 -476 2.20 -496 
5.10 +454 2.30 +144 eee +232 +190 +588 
§.20 +435 2.40 -593 

§.30 .032 eee. 196 -138 481 2.50 598 
5.40 -410 3.00 +120 sees +190 cece -598 

5.50 -416 3.10 +587 
6.00 -592 eee +150 +104 +410 3-20 +514 
6.10 -397 3.30 164 eves +190 .160 +509 
6.20 +395 3-40 +593 
6.30 672 cove 182 -138 412 3.50 535 
6.40 +440 4.00 +102 eece -178 ‘nae -533 
6.50 408 4.10 509 
7.00 548 eevee +136 +120 -401 4.20 517 
7.10 -417 4.30 +144 eoee -206 172 -536 

7-20 +435 4.40 537 
7:30 044 acee +192 +154 385 4.50 -556 
7-40 -432 5.00 +142 pose 176 haus 593 
7-50 420 5.10 -590 
8.00 -474 eens +192 +100 +430 5.20 +519 

- 8.10 +420 5.30 +122 cece +204 +174 516 
8.20 +420 5-40 -536 
8.30 -664 cove ,196 148 -420 5.50 -599 
8.40 +424 6.00 +122 oece +192 cece 595 
8.50 +430 6.10 -590 
9.00 +470 tees 166 -120 -430 6.20 585 
9. *0 -430 6.30 +144 sees .260 -180 +592 
9.20 +430 6.40 obey 
9-30 072 sees 180 +150 +425 6.50 +594 
9.40 430 7.00 +120 wees +244 are -593 
9.50 438 7-10 -590 

“ 10.00 538 eevee 170 +140 434 7.20 +515 
10.10 430 7-30 118 sees -144 1.26 -568 
10 20 +430 7:40 eae 
10.30 524 coos 188 -166 -455 7-50 +588 
10.40 448 8.00 +122 see +200 esee 602 
10.50 +440 8.10 +596 
11,00 +522 wove -186 +148 418 8.15 560 
11.10 429 

| 
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PULSOMETER TESTS. 

TESTS ON A NO. 4 PULSOMETER. 

Made by the Pulsometer Steam Pump Company, of New York City. 

> \% ssi ge [ss |[s.l| ds : s |¢ % elle (HIRE lel] | 4, (214, | R wep | & 3 en 
21S )ee |¥8| 88 [25 )2,) F-_ | eke | 5 | BB | S32 

Date. | ‘6 , | 28a] as] 82 See gine Sap |.2 g §> | 3 
» = BEY are os on S23 fib: _ = - | Se 
Ss = os E.: ar | ag | O85 es oe om 3 pre ga 

E | & | se5|53| 288 | £8) 62) $88 | dex [Sh] Fee | 2 
° o ~~ “a a mo] a oswNS So ww Z|) la n | 8 |e | & 5 a” | A 5 

I 6 

Feb. 13 1 | 1850] 17.3 189.0] 18,360 22.6 | 28.3 337,800 | 209,100 21 | 1,615,000 | 36.7 
Feb. 13 2 | 18.78) 25.7 193.6 | 20,850 28.2 | 33.4 389,900 | 219,200 23 | 1,831,000 | 41.7 
Feb. 14 3 |17-30| 34.7 | 192.4] 18,030 27.7 | 33-6 | 310,300] 219,100 19 | 1,456,000 | 36.1 
Feb. 14 4 | 18.16] 37.5 192.0] 17,500 32.3 | 37-9 316,200 | 211,400 +19 | 1,495,000 | 35.0 
Feb. 17 5 | 22.22 1.5 196 11,890 23:3 | 36-5 262,300 | 214,800 +16 | 1,222,000 | 23.8 
Feb. 17 6 | 20.39] 31.5 | 197-4 8,176 31-9 | 43-5 164,700 | 214,800 +10 767,000 | 16.4 
Feb. 18 7 |22.90| 27.4 197-2 | 10,170 28.9 | 39.0 231,000 | 215,700 +14 | 1,071,000 | 20.3 
Feb. 18 8 | 25.15] 29.5 | 191.5| 14,700 30.9 | 37-8 | 368,270 | 210,100 +23 | 1,753,000 | 29.4 
Feb. 20 9 | 23.48] 28.9 | 195.2] 14,610 28.7 |e 36.7 | 341,300 | 214,500 +21 | 1,591,000 | 29.2 
Feb. 21 to | 24.15] 27.7 | 195.3] 13,340 31.0 | 39.0 320,300 | 213,700 -16 | 1,221,000 | 267 
Feb. 21 1r | 24.50] 19.0 | 195.7] 14,530 32.8 | 39.8 | 354,400 | 213,100 +21 | 1,663,000 | 29 08 
Feb. 24 12 | 25.32] 37.8 | 196.6] 17,530 26.0 | 32.9 442,200 | 218,100 -24 | 1,836,000 | 35.07 
Feb. 24 13. | 21.02] 33.9 197.1 9,906 36.0 | 46.2 206,650 | 215,200 12 960,4c0 | 19.80 
Feb. 25 | 14 | 24.54| 33-4 | 197.2] 16,690 31.4 | 37-0 | 408,000 | 217,000 +24 | 1,880,000 | 33.40 
Feb. 27 15 |27.61| 61.2 | 371.0] 37,040 38.3 | 45-7 | 1,019,000 | 405,400 +32 | 2,514,000 | 74.11 
Feb. 28 | 16 | 25.32| 58.4 | 412.1 | 315230 45-0 | 53-4 786,600 | 442,800 +23 | 1,777,000 | 62.48 
Mar. 2 17 | 28.14] 41.3 474.6 | 37,900 35-8 | 44.2 | 1,062,000 517,200 +26 | 2,052,000 | 75.83 
Mar. 3] 18 | 23.22| 50.3 | 497-4| 31,110 39-4 | 49-9] 713,400] 538,500 +17 | 1,325,000 | 62.24 
Mar. 5] 19 | 27.28] 49.5 | 480.6] 35,950 34-5 | 44.0 | 985,500 | 525,400 -24 | 1,876,000 | 71.93 

Mar. 5 | 20 | 27.41] 42.5 | 419.4] 35,660 | 35-7 | 43-5 | 972,900] 458,000 | .2§ | 1,938,000 | 71.40 
Mar. 6] 21 | 29.61] 54.1 421.5 | 39,680 35-8 | 43.2 | 1,171,000 | 462,000 +33 | 2,534,000 | 79.4 
Mar. 6] 22 | 24.86] 50.8 | 4766] 33,020 42.1 | 51.4 815,800 | 514,800 +20 | 1,585,000 | 67.60 
Mar. 10] 23 | 29.42] 50.1 | 468.2] 40,150 27.2 | 35 5 | 1,176,000 | 519,300 +29 | 2,265,000 | 80.32 
Mar. 10 24 | 25.93| 263 246.0] 31,110 41.5 | 47-4 803,900 265,800 +39 | 3,024,000 | 62.24 

Mar. 12 | 25 | 27.§1| 30.2 | 304.5| 37,760 | 24.5 | 31.9 | 1,035,000 | 338,200 | .44 | 3,436,000 | 75.55 
Mar. 12 | 26 | 25.92] 29.2 | 324.0] 33,790 32.6 | 38.9 872,200 | 354,800 +32 | 2,458,000 | 67.61 
Mar. 13 | 27 | 29.46] 26.8 | 285.7] 39,660 25.3 | 29.9 | 1,130,000 | 316,500 -46 | 3,570,000 | 79.35 
Mar. 13 | 28 | 28.68] 30.2 | 293.9] 38,700 32.7 | 38.0 | 1,106,000 | 322,400 +44 | 3»432,000 | 77.44 
Mar. 16| 29 | 29.23] 28.5 | 303.6| 38,360 25.1 | 29.6 | 1,118,000 | 337,600 +43 | 3,311,000 | 76.74 
Mar. 16] 30 | 32.17| 28.1 | 332.5| 45,320 19.4 | 24.3 | 1,454,000 | 372,400 | .50 | 3,906,000 | 90.67 

Mar. 17| 31 | 31.46] 30.5 |299.5| 43,680 | 23.3 | 28.5 | 1,371,000 | 333,700 | .53 | 4,109,000 | 87.40 
Mar. 17 | 32 | 29.64] 30.1 | 313.5] 40,020 32.3 | 37-5 | 1,183,000 | 344,200 -44 | 3,437,000 | 80.08 
Mar. 19 | 33 | 29.05] 24.5 | 253-6] 39,550 23-4 | 28.0 | 1,146,000 | 282,200 +52 | 4,062,000 | 79.15 
Mar. 19 | 34 | 30.23] 30.9 | 336.1| 41,410 29.2 | 34.3 | 1,248,000 | 371,100 | .43 | 3,363,000 | 82.86 
Mar. 20 35 | 30.36] 31.5 3300] 41,660 31.0 | 36.4 | 1,137,000 363,400 +40 | 3,129,000 | 83.35 
Mar. 20 36 | 27.08] 31.7 300.2 | 34,200 36.8 | 42.4 821,000 327,200 +32 | 2,510,000 | 68.43 
Mar. 23 | 37 | 31-25] 31.2 | 305.8] 44,210 22.8 | 27.9 | 1,378,000 | 341,300 +52 | 3,655,000 | 88.46 
Mar. 23 | 38 | 28.63| 28.6 | 330.6] 36,550 36.2 | 41.9 | 1,043,000 | 360,400 +37 | 2,893,000 | 73.12 
Mar. 24] 39 | 29.66| 21.9 | 258.8] 40,960 28.2 | 32.8 | 1,212,000 | 284,700 +55 | 4,258,000 | 81.96 

Mar. 24] 40 | 28.64] 29.9 |319.1| 36,910 | 37.3 | 42.9 | 1,054,000 | 347,300 | .39 | 3,036,000 | 73.85 
Mar. 26] 41 | 31.56] 28.6 | 340.1] 43,350 22.2 | 27.4 | 1,364,000 379,600 -46 | 3,593,000 | 86.73 
Mar. 27 42 | 29.56] 28.8 | 315.8] 41,160 28.1 | 32.9 | 1,212,000 | 349,300 -45 | 3,476,000 | 82.36 
Mar. 27 43 | 28.41 26.1 310.4 | 37,230 34-9 | 40.1 | 1,054,000 339,000 +40 | 3,110,000 | 74.49 

Water was drawn from a reservoir about 8 feet below the pump. The discharge pipe was 24/" diameter. 
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TESTS ON THE FLow oF STEAM. 

EXPERIMENTS ON THE FLOW OF STEAM THROUGH AN ORIFICE 
+’ IN DIAMETER. 

73 od D a . ths 
CALORIMETER TEST. o £ § a ~, , é| gis 

e 1/8 |¢ 16 {a2 | 8/2] 2/8 
) = 3 & a. B12) ale 

* £ a > 2 3 ==) a sif| ele 
T »12 Is aiciel@ie le 18 | Sais [eislee 

Date. | § | | * el gilezi8i8 |8 |£ |S lssle lsisigis 
Sis [eal @¢1 8} Bidiatle i] 1h-1& let ea lale ae 
2 13 ae 2 aan SS. 3 a & | Sal 8 lelel ale 
a £ Es ‘S a * a) so oa | &@,/ & a |S £ 23 /)2)2) 2/2 |. |8.| 88 s | | sleleelegi ge] & (SE 12s | 2\2| 2/2 

| £ Bs) 55] 8 2 4/2/s |/8S|)8S/58| 2 18s/€3)3191 913 
T= = =? a b=] ie) P S oe o 8 on eos os a a 

| 9 SZ | se Oe GI 3 s & Ss = 2 bs > |} of | oe | 4/4/4\4 
| = 1S) 1S) > = ios) Oo} 8 n is} ~ 1S) Oo <i<ci<i< 

1895. 
Oct. 7| 105.1 | 2.4 | 143-6 | .995 | 95-6 | 51.7 | 55.1 | 14-5 | 268.4 | 268.4 | 278.8 | 277.9 | .963 | .966| .6or | .632 
Oct. 8| 78.4| 2.0 | 137.8] .998 | 87.5 | 46.0! 50.3 | 14.5 | 252.7 | 252.7 | 258.2 | 257.6| .979| .981 | .593 | .635 
Oct. 9| g1.0| 2.6 | 140.7] .998 | 87.5 | 51-0 | 53-4 | 14-7 | 249-3 | 249.3 | 254.0 | 252.3] .982| .988] .643 | . 
Oct. 9| 76.7| 0.8 | 137.5 -998 | 89.2 | 56.2 | 57.8 | 14.7 | 246.2 | 246.2 | 253.6 | 249.4] .971 | .987]| .682 | .698 
Oct. 10 | 102.5 | 3-3 | 141-5 | .994 | 100.5 | 52.5 | 57-3 | 14.9 | 280.1 | 280.1 | 289.9 | 291.3 | .966| .962/| .584 | .626 
Oct. 11 | 95.0] 1.4 | 141.9] .997| 93-1 | 46.8 | 52.2 | 14 9 | 268.3 | 268.3 | 264.2 | 272.6] 1.016] .984| .571 | .621 
Oct. 14 | 103.4| 2.1 | 142.1 | .996 | 100.9 | 70.5 | 71.8 | 14.6 | 262.3 | 262.3 | 270.5 | 262.1] .970 1.007 | +737 -748 
Oct. 16 | 96.1 | 2.1 | 141.4] .996] 95.9 | 50.4 | 54-8 | 14.7 | 273-4 | 273.4 | 278.2 | 280.6] .983 974 | +589 | .628 
Oct. 16| 96.1] 3.0 | 141.5] .997] 95-7 | 53-5 | 56.8 | 14.7 | 268.0 | 268 0 | 276.1 | 276.5] .971 | .969| .619 | .649 
Oct. 17| 96.0] 3.0 | 141.2] .996]| 9§.6 | 55.8 | 57-5 | 14.6 | 134.6 | 269.2 | 274.5 | 272.7] .981 987 | -639 | .646 
Oct. 18| 94.2] 2-9 | 141.0] .996] 94.0 68.4 | 68.7 | 14.8 | 235.6 | 235.6 | 248.5 | 238.2] .948| .989 | .764 | .767 
Oct. 18] 94 2.8 | 141.7 | .998 | 95.6] 42.1 | 52.7 | 14.8 | 272.1 | 272.1 | 279.4 | 278.6] .974]| .977| .516 | -612 
Oct. 21| 93.7} 2.8 | 141.0] .996 | 93.0] 49.7 | 53-4 | 14-7 | 265.5 | 265.5 | 269.5 | 272.1 | .985] .976| .598 | 632 
Oct. 21 | 93.3| 2.8 | 141.6] .997 | 93-0] 45.0| 51.6 | 14.8 | 267.3 | 217.3 | 270.8 | 272.0] .985| .983 | .555 | .616 
Oct. 23| 93-7| 3-0 | 140.7] .996] 93-5 | 55-2 | 57-2 | 14.7 | 195-2 | 260.1 267.8 | 265.6 | .971 .979 | -648 | .667 
Oct. 24| 93.5] 2-9 | 140.7] .996] 93-9 | 56.8] 58.7 | 14.9 | 255.4 | 255.4 | 268 1 | 265.8) .953 | .g61 | 659 | -676 
Oct. 25 96.2] 3.4 | 140.9] .995 | 93-1 | 64.4 | 64.5 | 14.6 | 243.2 | 243.2 256.0 | 245.2 +950 | .992| .734 | -735 
Oct. 25| 94.3] 3-2 | 141.2] .996| 94.1 | 62.0 | 62.8 | 14.5 | 248.0 | 248.0 | 260.7 | 255.4] .951 | .971 | -704 | .712 
Oct. 28] 94.2] 3.1 | 141.0] .996] 93.7] 56.3 | 58.3 | 14.6 | 264.0 | 264.0 | 266.1 | 265.3 | .992| .995| .655 | .673 

Oct. 29] 95-9] 3-1 | 140.8] .995 | 95-7 | 65.8 | 66.7 | 14.8 | 249.5 | 249.5 | 260.2 | 253.1] .959 | -986| .729 | .737 
Nov. 4] 96.1] 3.3 | 142.4] .996| 96.9 | 39.9 | 52-9 | 15.0 | 273.4 | 273.4 | 282.1 | 282.6] .969| .967| .491 | .607 
Nov. 5| 86.0] 2.8 | 140.9] .998 | 95-7 | 47-0 | 53-5 | 15-0 | 271.3 | 271.3 275.8 | 279.3 | .984]| .971 | .560 | .619 
Nov. 6| 96.4] 3-1 | 142.3|.997| 96.4 | 48.4 | 54-1 | 1§.0 | 283.3 | 274.2 | 281.4 | 281.2 | .975| .975| -569 | .621 
Nov. 6] 95.8] 3-1 | 140.4] .995 | 97-1 | 72-3 | 72-6 | 14.9 | 238.8 | 238.8 | 256.3 | 239.6] .931 | .996| .779 | .781 
Nov. 7] 86.8] 2.7 | 138.9] .997 | 96.6 | 66.4 | 67.5 | 14.8 | 246.8 | 246.8 | 261.5 | 255.1] .944| -967| -729 | -739 
Nov. 8] 96.9] 3.4 | 141.2 | .995 | 96.7 | 66.4 | 67.3 | 14.8 | 249.4 | 249.4 | 262.0 | 254.5 | .951| 980] .728 +730 
Nov. 8| 98.2| 3.5 | 141.3] .995 | 97-1 | 69.4 | 69.8 | 14.8 | 242.5 | 242.5 | 258.6 | 243.1] .938| .998| .755 | -756 
Nov. 11] 95.4| 3-0 | 142.5 |-997 | 96.1] 51-7] 55-3 | 15-0 | 270.1 | 270.1 | 277.9 | 280.3 | .972| .963 | .600 | .633 
Nov. 14| 85.5| 3.0 | 139.3 | 996 | 86.4 | 50.2 | 51.8 | 14.9 | 244.3 | 244.3 | 252.7 | 250.2 | .967| .976]| .643 | .658 
Nov.15| 86.8] 2.7 | 139.5] .997| 85-5] 51-4 | 52-9 | 14.6 | 237.0 | 237.0 | 247.0 | 244.5| .959| -970| .659 | .674 
Nov. 18] 87.1] 2.7 | 140.3| .997 | 85.7 | 46.8 | 49.8 | 14-7 | 237-1 | 244-4 | 252.1 | 252.0] .970] .970| .613 | .628 
Nov. 21} 85.6] 1.4 | 138.6] .997 | 95-8] 54-5 | 55-3 | 14-7 | 236.6 | 236.6 | 245.6 | 239.8 | .963 | .987| .689 | .697 

i Nov. 22] 85.5| 2.7 | 139.9:| .997 | 85.2 | 40.5 | 46.7 | 15.0 | 248.4 | 248.4 | 253.3 | 251.9] .981] .986| .554 | .616 
Nov. 25] 85.6] 1.3 139.5 | -997 | 85.2 | 43-8 | 47-7 | 14-9 |*236.7 236.7 | 252.7 | 252.9| -937| -936 | -587 | .625 

{ ! 

For description of orifice, see Technology Quarterly, Vol. VIII, No. 1. 



310 Results of Tests Made in the Engineering Laboratories. 

Tests oN Davis Pump. 

» ~ > M a vo 

ia PSS ¥/*slf4ei2 1 | bs 
ot 02 3 z z 2 e™ | ym | = S & % 
Sc P=] ev oe ev c | am s os 23 
(es ou = = a - RAs +} om noe TS ae] % 

Date. = 0° = = c 7) > 3 gohan 3 9 .2 -c 
3 30 ° pe ~ Hy x n s pS oo 
332 sss Bel s, 3 a o & “om seat gE i 4 
sea | S88 | 33 | oe | 28] a | 28] 58) 88) Bs | EE ofg.| cbg | s2 | 28 | w8 | § om | ©8 | €8 | FR | SB 
% % n a > S cv e Ps s) > 

1895. | 
Oct. 24 106.2 19.4 6.92 63.74 It 71.83 1.59 1.09 68.2 59.8 1.06 
Oct. 25 105.0 19.2 6.58 55-43 Ir 63.18 1.45 -95 65.5 | 59-4 1.06 
Oct. 25 105.8 19.4 6.80 57-97 +12 65.95 1.46 1.01 69.5 60.8 1.06 
Oct. 28 104.5 19.1 7-03 66.05 2 74-25 1.61 I.Ir 68.9 | 59.2 1,06 
Oct. 28 103.8 19.00 6.69 67.28 aE 77-14 1.13 1.14 71.3 58.6 1.06 
Oct. 30 101.4 18.57 7:14 76.21 -10 84.51 1.69 1.21 72.0 57-0 1.06 
Oct. 31 100.4 18.38 7-14 82.91 +10 90.21 1.88 1.29 68.8 56.6 1.06 
Nov. 4 100.9 | cscs. 6.92 89.34 «10 97-92 2.00 1.41 71.0 57-3 1.06 
Nov. 4 104.0 19.04 6.92 90.53 +10 98.61 2.06 1.48 72.1 59-5 1.06 
Nov. 5 102.0 18.7 6.80 97-23 10 105.19 2.09 1.53 73-2 57:5 1.06 
Nov. 6 98.2 14.00 6.92 99-0} 09 107.15 2.05 1.50 73.1 55-4 1.06 
Nov. 6 99-2 18.2 6.83 98.61 +09 106.59 2.03 1.48 72.9 55-0 1.06 
Nov. 7 100.4 eeee 7-26 104.39 “Il 112.82 2.09 1.61 76.7 56.4 1.06 
Nov. 8 101.3 18.5 7-37 125.09 +10 133-62 2.50 1.94 77-5 57-5 1.06 
Nov. 14 103.7 19.0. 6.92 83.60 +10 91. 1.74 1.34 77:6 58.3 1.06 
Nov. 15 106.2 19.4 8.17 133.49 +10 142.82 3-05 2.12 | 69.4 58.8 1.06 

ov. 18 110.1 20.2 6.24 65.36 It 72.77 1.58 1.14 | 72.7 62.3 1,06 
Nov. 18 109.8 20.1 7-14 63.97 mT | 72.28 1.57 1.14 | 72.8 62.7 1.06 
Nov. 19 115.5 20.4 6.61 30.95 II 38.73 +94 -62 | 65.6 63.3 1.06 
Nov. 20 111.3 20.4 7.26 31.72 o82 79:35 82 62 | 76.0 62.8 1.06 
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312 Results of Tests Made in the Engineering Laboratories. 

ENGINE TESTS. 

TESTS ON THE TRIPLE EXPANSION ENGINE, 9//-16//-24! X 30’, RUN AS A 
COMPOUND. 

= ra WATER BY JACKETS ry 
Fy 8 per Hour. s Se s 
= a 3 4 3 
3 > FY ok 3 o s> 
a 3) 2 > & ~ 3 Fal 

a = a a] 3 S65 
5 ; Ei 23 2 S 5 
: nn es: s8 z g é fA . 
° 5 §3 3S Fy S £ 3 = = 12 1 a Bo Bs : = cf | 3 2 P E'. Ee 3 3 5 23 E 
5 g He 3 g8 3 as 5 
x a a 4 n % fa > cB 

See eee 
} | | 

52.0 22.67 | — ccccce } . } 83.02 43-5 27.08 30.5 
54.67 oeee 809.5 | see | 83.38 47-5 26.3 29.87 
77.08 | cecce 1,658.0 . | 81.05 44.0 25.25 29.36 

77-50 | seers 1,257-5 : 80.73 44.07 25.4 30.20 
72.0 21.54 1,549-0 tees : 81.83 44-7 25.8 29-9 
78.8 20.96 1,648.5 eee ° 81.25 44.1 26.17 30.1 
83.01 | cose =| + 5973.0 esee ° 80.83 49-0 25.3 29.91 
84.18 | oes. 1,807.0 coe oe 80.60 47-1 25.3 29.60 
go.1 | 21.33 | 1,922.0 eee ee 80.23 44-3 25.16 30.32 
gi.g2 | 21.2 | 1,949.0 . ° 80.0 43-9 25.2 29-7 
92.9 | 21.2 1,976.5 . cace 80.15 43-8 25.4 29.98 
59.46 21.96 1,196.0 109.5 85.72 50.5 25.3 29.56 
66.32 21.28 1,304.0 cee 107.25 82.73 49.0 26.2 29.65 
71.18 20.29 1,321.5 sees 122.42 82.50 49-8 26.0 29.70 
72.47 20.97 1,389.0 eee 131.1 82.30 48.4 25.2 29.50 
76.39 20.42 1,408.0 sees 151.6 82.03 48.4 26.64 30.04 
77-16 20.65 | 1456.5 sees 136.7 82.10 | 48.4 25.8 30.03 
78.14 | 20.45 | 1455-5 eevee 139.7! 81.95 | 51.3 25.7 29.90 
79.04 | 20.42 | 1,481.5 see 132.2 81.78 48.5 25:7 29.84 
80.30 20.14 | cseeee eees 104.1 81.60 | 47-5 25-5 29.80 
85.2 19.95 | 1589.5 eeee 111.97 81.22 48.2 25.8 29.71 
94.69 19.72 15729-5 eeee 137-75 80.90 48.0 25-7 30.38 
95.05 19.35 | 1702.5 sees 126.6 80.92 | 47-5 25.6 29. 50 
103.03 20.13 1,962.0 eoee 112.3 82.0 | 44.3 24.3 29.35 
107.93 19.88 2,027.0 sales 188.9 82.28 48.9 24.2 29.8 
62.82 19.39 1,072.5 59-7 86.2 83.07 48.0 26.1 30.48 

67.43 19.78 1,179-5 57-05 97-29 85.27 50.63 24.6 29.40 
80.30 18.70 1,352-5 149.1 149.1 81.85 48.3 25.4 | 29.76 
87.68 19.07 1,520.5 50.99 100.74 81.23 47-5 25.6 | 29.80 
9°. 47 18.35 1,504.5 53-4 102.0 81.05 47-5 25.8 29.82 
94-39 18.40 1,582.0 53-0 101.3 80.93 47-7 25.7 | 29.48 



Engine Tests. 313 

TESTS ON THE TRIPLE EXPANSION ENGINE, 9//-16//-24! X 30, RUN AS A 

COMPOUND. — Continued. 

INTERMEDIATE CYLINDER. 

: ee $ | 8 | Gs | ds - | 
é | * o ° | 2a Lo a | : | 
- | ° 3 3 ae as os a as} : 

3 q e - % | 5 | 8 = || s | 5 2 3 om os os - | o 
2 ; . s Es | ot. |'a@e i a 
a | 2 2 3.8 = ot fof a | mm | 2B 
= | e FY 2 2% 82? $= as | as rT) 
a 9 4a | ay oe | (<3) | fx] | Pa 
2 | 38 2 z 25 sss | 528 - i a t & 
Ss | A a o Oe a | = | & = 

10 II | 12 | 13 | 14 | 15 | 16 | 17 | 18 I 

| 
40.0 7:4 37-2 4:3 —4.4 | 71.56 | 85.75 13.59 | 12.21 32.4 
47-0 | 7:6 41.7 —3.3 —2.3 59.89 79-25 11.87 | 12.15 30.25 
26.9 | sit 38.9 2.7 2.8 79.70 | 82.27 15.96 | 17.49 40.98 
46.9 | 21.0 40.5 2.7 2.8 71.93 | 83.16 16.32 18.18 42.10 
an CO 15-7 37.0 0.2 —1.2 63.26 | 80.12 17.57 7 Oe | | 43.6 
40.3 | 20.2 36.8 0.6 0.5 69.40 79.46 19.42 | 19.18 7.4 

47-3 23.3 40.0 4-1 3-5 72.41 84.27 16.99 18.67 | 43-63 
46.9 24.5 42.1 4.6 5.8 76.52 83.67 17.62 | 18.88 44-49 
41.9 | 30.5 36.4 4-6 4-6 76.0 82.12 19.0 | 19.8 | 47-0 

40.4 | 27.9 37-7 4.0 1.7 74.36 79.20 23.37 | 22.6 | 55.6 
41.0 29.0 37.1 4-6 1.4 74.0 81.0 23.48 aa.8q | ghz 
46.5 | 8.7 34.0 —2.1 0.7 56.11 86.99 9.19 | 9.60 | 24.34 
45-9 10.7 41.2 —0.1 Ls 62.79 89.82 10.81 | 11.46 | 27.85 
mat | 39-9 —8.0 1.0 63.39 85.76 12.29 | 12.63 31.07 
46.2 12.8 38.8 —o.8 2.8 62.25 80.57 13.39 | 13-75 33.76 

47-3 | 13.6 43-0 0.3 35 67.43 85.08 12.49 | 13-35 | 32.04 
46.0 13.5 41.3 o.1 1.3 64.38 82.63 13.52 | 14.80 35-15 
46.2 14.5 39-6 0.6 3-3 64.04 84.15 13.36 | 13.88 | 33-74 
45-9 15.5 40.0 1.4 3.8 65.88 86.51 12.89 13-47 | 32.58 
45-5 16. 38.2 “1 2.5 65.56 83.62 14.04 15.74 36.74 
47:3 17.2 43-5 1.5 3-0 59.68 81.49 15.02 16.70 | 38.95 
46.9 21.6 42.4 3-3 4.0 73-22 84.06 16.95 18.35 | 43-17 
46.0 22.5 41.0 2.9 4.6 73-73 80.79 16.50 18.12 42.71 
43-1 33.0 36.5 7.2 8.6 78.10 87.0 18.71 18.52 | 46.14 
47.2 31.2 40.5 5-7 7:8 79-35 80.62 19.78 17.98 | 46.92 
47.6 7.8 44.2 —3.0 —1.8 69.87 91.65 11.86 12.54 | 30.67 
47.8 10.1 40.9 —1.9 —0.9 66.74 89.06 12.60 13.66 | 33.84 
47.8 15.2 42.9 0.6 2.5 73-50 88.83 14.57 16.35 | 38.26 
46.7 19.7 41.9 2.2 2.0 77-58 88.48 16.79 18.62 | 43.48 

> 47-3 19.8 41.3 0.9 1.7 77.60 82.68 16.81 18.42 | 43.16 
47-5 21.5 42.4 3-1 5.2 78.0 86.52 16.80 18.21 | 42.31 

| 

Intermediate leading the low by 120 degrees. 
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TESTS ON THE TRIPLE EXPANSION ENGINE, 9//-16/-24" X 30’, RUN AS A 

COMPOUND. — Concluded. 

a) 
Low Pressure CyLinper. 4 al 

7 
- ary a9 

P| ; : as Es ac} 3 
= | 9 4 - Sh $% al : ms m3 

g = 3 2 ° ao a3 FS 3 ‘ 2 Me 
i. 2 i) - 3 nem | 8 ra 3 a ss S35 
D S = ey se. os os 8 = : 3 a.5 
e bed od s -o. ut. : e 5 ee SD: 
& r 2 ¢ £2 E oti £08 Aa A & ) pe |] ps 
og oO | =] a a) 8a : a © 2 .e 
§ 2 | = B ao 2 -2 al oa 2 Bee Bend 
3 Boe £ 26 £6 oA : ; Ao af BR 
5 ma | A o a a 4 a= = = a) =.) 

20 21 | 22 | 23 24 | 25 | 26 27 | 28 29 30 |; 31 
' 

—7.1 40.5 —8.15 | —11.3. | —12.7 62.93 | 69.13 3.26 3.62 19.70] 409.5 | 429.9 
3.1 cose | —6.1 | —IrL0 coe 55.98 66.50 4.28 4-26 24.42] 399.8 413.2 

1.6 - | —2.9 | — 9.9 sees 54:03 | 58.85 6.44 6.5 36.04 | 386.9 | 386.9 
1.8 | 3.0 |— 9.5 | --ee. §2.85 | 67.52 6.37 6.41 35-40] 383.6 | 377-1 
4-1 | 43.0 —§.4 |—9.8 | —11.7 62.0 | 69.50 4.78 5.31 28.40] 382.8 | 382. 

—3-4 45-5 —5-6 | — 9.18 | —11.5 63.77. | 67.70 5-46 | 5-79 | 31.40] 373.2 | 375-0 
2.8 cece 2.3 9-3 11.6 54.61 | 62.86 7.09 7.11 39-38 | 377.0 | 372.8 
3-7 seek —1.0 |— 9.2 eevee 54-36 | 63.08 7:17 7.18 39-69 | 381.6 | 379.7 
1.7 36.5 —1.0 9.1 10.9 63.38 66.54 7-73 7-91 43.10] 376.8 | 370.6 

—1.8 50.0 —4.1 | — 8.3 11.0 61.27 68.19 —6.47 6.77 36.30] 376.0 | 368.0 
2.0 | 50.0 —3.6 |— 8.2 11.0 64.43 65.65 6.64 6.72 36.80] 377.5 | 372.1 
1.0 | cee —4.9 10.16 11.6 78.75 | 76.69 5.91 6.03 35-12 | 385.4 | 382.3 
O18 | cece 2.5 | 10.2 | sees 75:79 | 75:29 6.57 | 6.98 | 38.47] 377-7 | 384.4 

—0.19 | —3.5 10.0 cece 79:97 | 76.49 6.94 7.23 40.11 358.0 | 362.2 
—0.10 | —3.4 |— 9.0 . 84.64 85.55 6.87 6.84 38.71 367.6 | 365.4 

1.67 —2.6 | —10.1 | coos. 79 61 73-39 7-84 7-92 44-35 | 360.3 366.1 
—0.5 —3.0 |—10.0 | --... 81.45 709.90 7-31 7-60 42.01 362.7 362.7 

1.62 2.2 |— 9.9 | ceeee 81.05 72.48 7.81 7:98 44.40 | 358.3 356.2 
2.99 —1.9 |— 9.5 | ---+- 79-63 76.74 8.21 8.35 | 46.46] 358.4 | 356.4 
1.4 —2.9 |— 9.5 ag 74-70 73-76 7:64 | 7-92 | 43.56] 354.5 | 352.6 
2.01 cece —2.0 | — 9.3 eee 74:39 72-56 7-93 8.69 46.33 | 352.5 354-1 
2.8 coe —1.0 |— 8.8 coe 42 75-86 9:04 | 9.52 51.52 345-7 | 341.1 
3-3 seer | +0.6 |— 8.6 conde 80.56 | 75.16 9.36 | 9.62 52.70} 339.6 | 340.9 
5.4 tir | — 7.7 | -.00e 77-61 | 74.3% 9.93 | 10.27 56.89 | 352.7 345-7 
6.1 —1.7 |— 7.4 ose 77-59 | 79.17 10.89 | £0.72 61.01 348.5 | 342.0 

—2.3 —5.1 | —11.0 oe 09 81.73 5-61 | 5.67 32.16] 338.0 | 332.9 

ae J 4-5 |—I10.2 | «eee. 86.19 79-90 5-52 5-96 | 33-59] 344.6 337-1 
09 | | —3-3 |—10.0 see 82.82 73-90 7:49 | 7-48 | 42.04] 326.6 | 325.6 
1.3 | —2.4 |—9.2 77-42 76.46 7:89 | 7:97 | 44.20] 333.9 333-9 
1.8 | —2.0 |—9.3 | ...-. 85.25 76.31 8.34 8.67 | 47.31 | 321.9 323.2 
3-5 |} —0.6 |— 9.6 eee 83.54 67.70 9-25 9-51 52.08] 324.9 328.7 

| 



Engine Tests. 315 

TESTS ON THE TRIPLE EXPANSION ENGINE, 9/'-16/-24!' X 30/. 

n } oi 
2 3 | WATER BY JACKETS PER Hour. é ¢ 

2 | 3 a | ¢§ 
| ] & = " |e | 4 3 + 2 8 He ‘ DD = iy 2 So = oF 

= = fi: 5 é vs 
: | “ba 2 3 2 a. 5 oe 
o | 5 2 = 2s 5 n 3 so 
Fs a | &¢ a 3.5 2 g a a f& Pr 
:, 3 | 2 35 v a £ “0 vo a = | s&s i > 4 3 | o = 
re | Fee = | fia 5: 26 As En a Es 2 
co) et | e— | o So 7) = Ls = Q = 

EF | 28 § 2 ce 53 ae 5 3 5s e 
= n nan = 5 Ps aly Ga Ps > S 

I 2 | 3 | 4 | 5 | 6 | 7 8 9 10 

Se eee | ern 

| | 
53.21 | 17.28 919 ° 85.60 152.8 | 26.1 29.7 
55-73 | 16.86 931 sees 85.62 13.3 | 26.3 eos 
60.6 16.19 981 eee. | 85.60 152.1 26,1 29.9 
69.8 { 15.80 cece eee 81.66 146.3 19.8 29.7 
74.9 15.39 1,148 84.22 152.8 25.9 29.8 
85.8 15.12 1,298 . $3.03 152.0 | 26.3 

86.9 15.39 1,338 eee 82 92 1§2.4 | 26.09 30.15 
87.8 15.26 1,339 sees eee 82.55 153.0 26.02 30.0 

gi.1 15.47 1,409 . eeee 83.32 152.0 25.70 ware 

99-9 15.54 1,552 eee 82.67. | 151.9 25.6 30.0 
100.5 15.16 1,525 eee 81.78 | 152.0 25.7 cues 
102.4 14-95 1,531 82.92 | 152.5 26.0 29.9 

106.0 15.24 1,631 81.52 | 151.5 26.1 29.9 
108.2 14.91 1,613 | 81.57. | 152.0 26.0 eae 
111.2 14.33 1,592 | 81.40 | 1520 26.04 30.1 
112.2 15.16 1,693 | 81.50 | 151.9 25.9 30.26 

| | 

HiGH Pressure CyLinDER. 

| a P 1 ee ev | 
| . | & be ras Ea Re 

s | # | 2 3 F $5 $5 Ya ae g 9 | = 3 2) av od Ss a | . 

2 | @ | 2 . * 38 38 a. i 2s . ) = | # z we °e i ah. a oe 
x | 4 | e 2 2.2 § ott € o 3 a ro | & 

3 $8 | 3 5 2S SS oS 8 si | a | g 
3 | 8B 2 2 25 B.S bat ae] : 3 
= Ay 7 ¥ A, Ay Ay = =. | 

| | | | | 
11 12 13 14 | 15 16 | 17 | 18 19 o 

| | | 

| | | | 
148.3 | 8.4 f tag | 246 15.7 65.0 82.5 | 38.6 32.7 28.4 
148.4 | 8.3 140.7 | 12.4 11.8 64.0 77-4 39-3 36.2 30.1 
148.0 | 10.6 | 141.1 | 16.2 16.6 68.3 81.4 41.3 381 29.6 
142.7. | 14.6 | 139.8 | 20.6 18.6 68.9 78.5 |} 46.4 46.8 35-7 
149.5 | 15.8 | 144.5 | 24.0 26.4 72.6 83.4 45-7 46.2 36.1 
147-4 21.3 | 137-4 | 31.0 33.0 74.6 85.0 | 51.4 46.4 } 37.8 

146.9 21.2 139-7 | 29.8 29.2 73-8 82.3 | 54.6 50.3 | 40.6 
148.3 21.0 140.7. | 30.0 28.4 74-1 82.5 | 58.8 50.7 | 42.2 

147.6 | 24.1 142.9 | 35.8 39.6 76.7 85 8 | 49.6 53-5 | 40.2 
147-4 | 29.5 139.5 41.5 47.0 78.5 85.3 | 49-4 §2.0 | 39.5 
146.5 | 29.1 138.9 40.2 44.2 79.1 85.0 | §3.8 53-1 } 40.8 
148.5 28.7 142.1 41.5 43-5 80.0 87.0 | 529 57-1 | 42.6 

148.4 | 30.7 143-1 44.5 47.6 79-4 86.2 57-8 52.3 34-4 
147.0 | 31.8 141.2 44-4 45.1 813 | 86.7 59-7 55-4 | 439 
14480 | 35.6 137-9 48.9 52.9 82.9 86.2 54-1 54-1 | 41.8 
147-5 | 33.8 142.1 | 47.2 51.2 80 8 85.8 56.0 53-9 41.9 

Cranks set 120° apart, high leading. 

A description of the engine, together with quite an extended series of tests, can be found in Technology Quar- 
terly, Vol. V, No. 3. 
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TESTS ON THE TRIPLE EXPANSION ENGINE, 9//-16/-24! < 30!.— Continued. 

INTERMEDIATE CYLINDER. 

} } } | | | | 

| . . | ‘ vw » 

ch oo oc ee ae 
Ps += | P 4 o S 26 £3 ag er 
4 9 Ss = e ae ag s 4 . 
3 os 3) 2 | we we o $ he 

z | = “ # $3 Ea 5 2 $ Hy ‘ r=] o co. | ow ° . 4 a Z 2 p 2 Zoe | Zog | m | o 2 
g a ae ae > a nn ce o ao | Ra ; : ° 
5 Be | le eae es a. itn" = = ir 

21 22 23 | 24 | 25 26 | 27 ot 28 29 30 
| | 1 

12.5 15.5 | 7-4 —7.4 —5.9 | 48.8 71.40 5.46 5:27 13.9 
g-4 | 22.5 4-9 —6.2 —§.1 54.6 83.96 5.61 5.20 14.0 
13°7 | + ne | 9-4 —6.3 —5.2 53-1 75-31 6.42 5-98 16.0 
1507 25.3 10.0 5.1 $5 59-1 74.86 7.89 8.42 20.1 
22.5 16.5 | 16.4 —4.9 —2.0 eeeee cee. 7-56 8.86 20.9 

29.5 | 17.7 | 24.8 —2.1 | 0.08 61.83 81.12 9:74 10.55 25.7 
26.9 | 21.5 | 20.0 —1g9 | —11 58.60 81.49 8.89 9-99 23.7 
24.5 | 22.5 | 18.5 —2.0 | 0.5 59.69 80.80 9.22 9.18 23.0 
33-3 | 18.0 | 26.8 —1.9 | 1.6 60.72 77-61 10.11 11.79 27.6 
42.1 | 13.0 | 34.0 1.4 | 5-4 62.57 85.72 11,28 12.64 30.0 
39-7 20.2 | 52.15 0.8 | 5.10 70.24 82.95 11.68 13.65 31.3 

37-7 19-5 29.7 0.3 | 3.2 62.44 79.10 11.62 13-29 31.2 
42.5 19.5 | 36.1 Ir | 4.6 65.60 79-85 14.15 13.77 34-4 
40.0 21.5 31.3 0.8 4.0 64.64 80.14 13.79 13.60 33.6 
47-2 18.3 | 40.3 1.7 455 | 65.30 80.46 14.8 14.6 36.5 
ag.2 20.5 | 38.0 2.7 | og | 66.91 84.43 14.0 14.10 36.0 

| 

e - Oo 

Low Pressure CyLinper. : | ee 

7 | g | a | 4& | ee. | as | | as | ag | £8 Es | Seen oe eo eee “ee ae ree ae o2 | ns. 
| S =. | « | wo | us h ia] Ss | el 
3 2 5 6| «(Cf began lesa || Ae S u eS | oe 
y 5 « | « | SS | ‘Ss Bo ie Bo tee ol Beas 
v 9 & | 6 fo Se 1 Se oS. | ; : 3 5 “38 na | > me 5 . me B | 2 2 2 $| get | sf) % | * | Bl og | oes % A 2 | 3 2) 822 | 888] a | a | gl ok] a ra) 7 3 o s | ~ © [<2] | & ; 2 | Cie Bens 

7 aah Wi: me } SES | Bae | <e Set Al) aa 
2 | & | em | | Qe | «& = |e |a | a 

| | | | 
31 32 33 | 34 | 35 | 36 SP ly OSS 1h 489 40 41 | 42 

| | } | 

| | 
—7.9 6.0 | —11.7 | —12.0 435 71.8 1.84 1.88 | 10.9 317.7 318.0 
—6.9 24.5 | —31.7 | —11.8 45.0 74.2 2.12 1.84 | 11.6 | 306.5 308.2 
—7.2 24.5 | 11.2 | —11.8 47.2 Ll Fes | 2.25 2.19 13.0 295.7 296.7 
- 48.9 }—9-7 |—9.1 75-7 | 75.8 | 2.7 2.32 14.9 278.0 231.4 
_ 25.9 | —11.3 | —11.6 46.3 | 64:3 3.03 3.19 | 18.0 287.1 286.0 
_ 18.5 ) 11.3 | 12.3 43-0 | 58.6 | £58. .1 6:05 1.204 276.1 277.6 
—1.7 20.0 eearrs |} —11.8 44.1 | 61.3 | 3.86 | 4.11 | 22.6 280.6 280.8 

—2.2 21.5 —10.8 | —11.8 44.0 | 64.4 | 3-91 | 4.07 22.6 284.1 284.1 
——% 22.0 —10.5 | —11.6 49-5 | 67.4 4.10 | 4.05 23. 280.5 278.3 

2.3 19.0 —10.2 | —11.6 | 481 63.7. | 5.35 5-5 30 283.0 280.3 
1.5 18.0 —10.2 | —11.7 | 46.9 64.4 | 5.02 5.14 28 275.3 273-4 

“0:2 21.0 | —10.9 | —11.9 | 46.7 55.6 | 5.08 5-27. | 28. 271.7 271.7 
1.6 21.5 | —10.6 | —11.4 | 40.3 58.4 5-57 5-57 | 29.7 | 278.1 277-6 
1.3 22.0 —10.3 | —11.5 | 49-5 | 60.6 5-51 5-43 | 30.7 271.2 271.2 
1.7 21.5 —9.7 | —11.2 | 51.6 | 57-1 6.04 5-74 | 32.9 274.0 274.0 

2.8 20.5 — 9.6 | —11.6 | 44.1 67.7 6.09 | 6.15 | 34-3 | 274.6 273-9 
| | 
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TESTS ON A HANCOCK INSPIRATOR. 

Since the time of the tests that were quoted in the Zechnology 

Quarterly, Vol. VIII, Nos. 1 and 3, new apparatus for testing injectors 

has been supplied to the laboratories. The injectors are located on 

the second floor, and draw water from a 6-inch standpipe that runs 

through the first floor to the basement of the building, giving a lift 

of from 0 to 25 feet. The water admission to the standpipe is con- 

trolled by a balanced valve placed in the supply pipe, this valve being 

actuated, through a delicate mechanism, by a float in the standpipe 

itself. The feed supply is taken from the city main until the begin- 

ning of the test, when it is drawn from a tank of sufficient capacity 

for the whole run. This tank is placed on scales, and its weight is 

taken before and after the test. The delivery water is weighed in 

barrels. Arrangement has been made for getting an accurate start 

and finish of both the feed and the delivery. The delivery pressure 

is kept constant by a back pressure valve placed in the delivery pipe. 

This valve is connected with the steam pipe, and the delivery pres- 

sure is controlled by the working steam pressure. The difference in 

the weight of the delivery and the feed water is taken as the amount 

of steam used. 

TESTS ON HANCOCK INSPIRATOR NO. 4, C. 
| | } 

E el | l¢ltl.clesl clei ffl Is 
es |S ‘ ] 4. s cis | 338 | 38 co 62 
Bi TEL is /e./&.| 32 | §2 | 2/82 | ge a2 > | 3 S ' o a. =o | gs « Ow lee E a 
wie PA 5 pe | # | “nt He eS. | Se | Seiee Sse §¢o 
co; sc 4 os 5 | 2 5° ° ae | 3 4 ge a3 038 7 4 

S| A = a o = = E a™ 3 F BS) ot] eos 5 Ba 
a|s z 2 E | =6j]f6| ss 4 |e¥] bse] Fad y < 
e/ Si a])4)8 12/88/38) #3 | 23 | ga] ge) se8] 4 | 28 
= ss 2 2 eo |] 3 so Ls se | 7 2r— SVs === | vo 2 - 
Z Q WY Q S | wl n i=) i | 4 | w > ial | (=) } i=) 

| | 
52 | 30 | 37-7 | 49-8 | 14.6 | 4.01 | 87.3 | 146.8] 4,950 | 55259 | 309 17.0 | gt.8 | Max. | 642 
53 30 | 39-8 | 52.9] 14.7 | 3-99 | 46.9 | 112.1 3,824 | 4,079 255 16.0 90.6 Min |} 493 

57 | 30 | 42.7 | 56.6 | 14.7 | 4.00} 49.3 | 113.5] 5,326 | 5,659 | 333 17.0 95:2 | Max. | 685 
58 | 30 2.8 | 58.2 | 14.7] 4.00 | 46.2 | 110.3] 5,306 | 5,653 | 347 16.3 90.5 Max. | 684 
59 | 30 43-2 | 58.4 | 14.7 | 4.00 | 61.3 | 124.5] 5,367 | 5,091 324 17.6 98.3. | Max. | 691 
61 30 43:4 | 59-1 | 14.6 | 3.99 | 66.7 | 131.0] 5,282 | 5,638 | 356 15.8 go.o Max. | 685 
63 30 43-5 | 56.0 | 15.0] 4.02 | 72-7 | 144.3] 35559 | 3,820 | 261 14.6 | 93-4 Min. 466 

64 | 30 | 43-5 | 54.2} 14.9 | 4.00 | 82.2 | 154.3} 3,436 | 3,693 | 257 14.4 94-0 | Min. | 452 
65 | 30 | 43-5 | 59-0] 14.5 | 4.02 | 70.0 | 133.7] 5,194 | 5,522 | 328 16.9 95-7 | Max. | 672 
66 | 30 | 43-6 | 57-7 | 15.0] 3.99 | 85.8 | 149.2] 5,127 | 5,462 | 335 16.3 93-6 Max. 667 
67 | 30 | 43-6] 54-4 | 14.8 | 4.03 | 52.3 | 121.5] 3,690 | 3,951 261 15.1 g1.5 | Min. 479 
68 | 30 | 44.1 | 60.4 | 14.8 | 4.00 | 51.1 | 116.4] 5,368 | 59702 | 334 17.1 97-5 | Max. 691 

| | 
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Tests ON PELTON WATER WHEEL. 

These tests were made on a 4-foot Pelton wheel made by the 

Pelton Water Wheel Company, of San Francisco. The water sup- 

ply was furnished by a Duplex Blake Pump, with which the head on 

the wheel could be varied from 20 to 230 feet. The head was meas- 

ured by the use of a 6-inch piezometer located in the supply pipe 

about two feet back from the wheel nozzle. The pressure at the 

piezometer was taken either by a mercury column or a pressure 

gauge. The quantity of water used was measured by passing it over 

an 18-inch weir. The power developed was consumed by a rope 

brake. The measurement of the power was made by an Emerson 

Power Scale placed as a coupling between the brake and the wheel 

shaft in such a way that the only error introduced was that of the 

scale itself. 

Tests Nos. 1-34 were made at varying heads from 23.9 to 210.6 

feet. Tests Nos. 37-62 were made under about the same head, and 

at varying speeds from 199.5 to 228.4 revolutions per minute. The 

quantity of water passing the weir was calculated by Francis’ formula. 

The theoretical best velocity of the center of the buckets was taken 

as one half the velocity of the jet. 
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TESTS OF PELTON WHEEL. 

i>] 4 |\ei8 |8 |38 /8 , oie ete 
a 3 é ; | oe | os 2 3 = = ag | 
| g -— pe ie ts ) ee § s |& 3 | Ps 2 a = 7 om BS Re} < 3 8 — S$ ias 
- =} 3 ; = | £ ae = ~ a e | 22 

¢ El os ete | Pr) b) a0 : se | So ; 8 33 
4 Ss 2 o - , Ss 1S) oi Lo i ripe 2s 
2g S. a = 3s | -— vo BS oo 3 4 — —__: a PB 

Date. a 5 a” ,s ifs < ea i) Q os | 6 a 
= & gs B | 3 eS oun | B 3 . os Ss ° -| 6 a Vem | | = $ —. = na o5 > §s6 

‘ ld) 2] e/8&| ¢ | 8 | 425) e83/85| <8] & | as / s/s. dis o a 3 2) si. 8 o o|/seBE] aS £ § |221/02)] es 
i) s x) es] o a] & las lecugliaset «2 3 ae oul oe 
E £ > S 25 | a £O| $6 | «Bo ee| Sm Z Soal—s| 5 
I 3 o @ | so 2 oo | oF | 5&4) 6 ~| & om) 05 | 66 
Z }Aal a |a}/e | © le |e 1o 4 = mi> |> |e 

| | | 
1895. | | | | 

1| Oct. 28 | 30 93.0| 83.0 | 10.3 | 0.2002 | 22.4 23-9] 0.435 | 1.18] .936| 79.4 42.1 18.0 | 21.0 

2| Oct. 2 | 29 | 113.5 | 126.3 | 15.0 | 0.2271 | 20.0 34-8] 0.524 | 2.06 | 1.74 84.2 50.7] 22.0] 25.3 
3 | Nov. 21 | 20 | 115.8] 115.6 | 15.3 | 0.2269] 15.8 35-4] 0.523 | 2.10] 1.62 77-2 50.6] 22.4] 25.3 
4\ Oct. 3 | 60 | 131-5 | 162.2 | 20.4 | 0.2476| 21.0 | 47.3] 0.594 | 3.18] 2.58 | 81.2 | 57-5] 25.5 | 28.7 
6| Oct. 4 | 30 | 143.3 | 205.6 | 25.2 | 0.2649] 21-1 | 58.4] 0.656 | 4-34] 3-57 | 82.2} 63.5| 27.8] 31.7 
7 | Oct. 25 | 30 | 148.5 | 194.0 | 25.4 0.2689 | 21.1 58.9] 0.670 | 4.47] 3-49 78.0 | 64.9] 28.8] 32.4 
8| Oct. 9g | 30 | 159.5 | 228.7 } 29.7 | 0.2735 | 20.3 | 68.8] 0.687 | 5-36 | 4.42 82.5 | 66.5] 30.9] 33-1 

10 | Oct. 24 | 30 | 175.5 | 257-5 | 35-6 | 0.2957| 21.0 | 82.5] 0.771 | 7.20| 5.48 76.0 | 74.6] 340] 37-3 

11| Oct. 7 | 30 | 174.1 | 255-5 | 35-3 | 0.2958] 20.9 | 81.8] 0.771 | 7.15] 5-39 | 75-4] 74-6] 33.7| 37-3 
12 | Oct. 22 | 60 | 186.7 | 283.9 | 40.1 | 0.3069 | 20.7 | 93.0! 0.814 | 8.57! 6.43 75.0] 78.7] 36.2] 39.4 
13| Oct. 7 | 30 | 186.7 | 282.3 | 40.2 | 0.2982 | 21.2 93-2 | 0.780 8.23 | 6.39 77-7 75-5| 36.2] 37-7 
14| Oct. 11 | 30 | 196.4 | 343.8] 45.0 | 0.3216] 21.0 | 104.3 | 0.871 | 10.29] 8.18 79.6 | 84.3] 38.0 2.1 
15| Oct. 8 | 60 | 193.7 | 323-3 | 45 3 | 0.3196] 21.5 | 104.8} 0.865 | 10.26] 7.59 75-7 | 83.7] 37-5] 41.8 
16| Oct. 9g | 60 | 211.6 | 344-7 | 50.1 |o 3317 | 20.7 | 116.1 o.git | 11.98] 8.84 73.8 | 88.2| 41.0| 44.1 
17| Oct. 11 | 30 | 203.9 | 380.1 | 50.4 | 0.3312] 20.6 | 116.8] 0.909 | 12.03] 9.39 78.1 88.0] 39.5] 44.0 
18 | Oct. 23 | 29 | 216.5 | 376.6 | 55.0 lo 3380 | 21.3 | 127.5 | 0.936 | 13.51 | 9.88 73.1 90.6] 41.9] 45.3 
1g} Oct. 14 | 30 | 212.8 | 380.5 | 55.1 | 03330] 21.8 | 127.7| 0.916 | 13.24] 9.81 74.1 | 88.6) 41.2 | 44.3 
20 | Oct. 14 | 30 | 230.2 | 385.2 | 59.9 | 0.3397 | 22.0 | 138.9 | 0.943 14.83 | 10.75 72.4 QgI.2}| 44.6| 45.6 

21 | Oct. 21 | 22 | 228.1 | 399.4 | 59-9 | 0.3422 | 20.8 | 138.9 | 0.953 | 15.00 | 11.04 73-7 | 92.3 + 
22 | Oct. 23 | 60 | 234.8 | 429.2 | 65.3 | 0.3500 | 21.0 | 151.3 | 0.985 16.87 | 12.22 74.0 | 95.3 6 
24| Oct. 16 | 60 | 243.3 | 457-1 | 70.5 | 0.3551 2.5 | 163.4 | 1.006 | 18.60 | 13.48 72.4 | 97-3 7 
25 | Oct. 18 | 30 | 245.8 | 453-5 | 70.5 | 0.3574 | 22.6 | 163.4] 1.015 | 18.83 | 13.51 71.8 | 98.3 I 
26| Nov. 4 | 30 | 244.7 | 455-2 | 70.4 | 0.3596] 20.0 | 163.1] 1.024 13-50 71.4 | 99.1 y. 
27 | Oct. 16 | 30 | 253.0] 479.8 | 75.0 | 0.3621 | 24.1 | 173.9] 1.035 | 14-71 72.2 | 100.1 “I 

28 | Oc 21 | 30 | 252.8 | 487.8 | 75.3 | 0.3644 | 210 | 174.4] 1.044 14.95 72.5 | 101.0 § 
29 | Oct. 18 | 30 | 260.7 | 515.3 | 79-8 | 0.3710| 22.5 | 185.0| 1.072 16.28 72.5 | 103.7 8 
30 | Oct. 28 | 60 | 259.0] §18.9 | 807 | 0.3728] 21.7 | 187.1] 1.079 16.29 71.2 | 104.4 2 
31 | Oct. 29 | 30 | 264.8 | 559.4 | 85.4 | 0.3819] 18.5 | 197.8) 1.118 5 | 17-96 71.7 | 108.2 a 

32 | Oct. 30 | 30 | 266.8] 556.3 | 85.2 | 0.3821 | 19.5 | 197-4] 1-118 i 17-99 72.0 | 108.2 Fe 
33 | Oct. 30 | 30 | 270.6 | 588.7 | 90.4 | 0.3893 | 19.9 | 209.4| 1-149 | 27.25 | 19.31 70.9 | 111.2 6 

34| Oct. 31 | 29 | 274.7 | 595.0 | 90.9 | 0.3891 | 20.9 | 210.6| 1.148 | 27.38 | 19.81 2.3 | 110.t 8 
37| Nov. 6 | 30 | 199.5 | 414.7 | 55-42 | 0.3405 | 21.1 | 128.5 | 0.946 | 13.77 | 10.03 72.8 | 91.6 5.8 
39 | Nov. 11 | 30 | 215.3 | 394.3 | 55-90 | 0.3419 | 22.0 | 129.6} 0.952 13.97 | 10.29 73.6 g2.1 I 

40 3 | 30 | 216.6 | 389.4 | 56.01 | 0.3402 | 23.3 | 129.9] 9.945 13-90 | 10 22 73-5 | 91-4 45-7 

41 30 | 217.1 | 387.0 | 55 0.3404 | 21.0 | 129.6} 0.946 13.88 | 10.18 93:3 | gts 8 
42 30 | 217 6 | 384.6) § 0.3397 | 21.8 | 129.4] 0.943 | 13 82 | 10.14 73-4 | 91.2 I 6 
43 30 | 218.1 | 384.61] 5 0.3414 | 20.0 | 129.4 0.950 | 13.93 | 10.17 73.0 91.9 2 0 

> of 44 30 | 218.6 | 3806 88 |! 0.3400 | 21.0 | 129.5 | 0.944 | 13.85 | 10.08 | 72.8 | 91.4 3 5-7 
45 30 | 218.7 | 382.1 | 55.69 | 0.3387 | 22.6 | 129.1 | 0.939 | 13.72 | 10.13 73.8 | go 8 4) 45-4 
46 2 30 | 218.9 | 385.4 | 55-99 | 0 3413 17.8 | 129.7 0.949 | 13.96] 10.23 73-3 | 91.9 41 45-9 

47 8 | 30 | 219.3 | 382.0 | 55. 0.3398 | 20.8 | 129.3 0.943 13.81 | 10.15 73-5 91.3 2.5 | 45.6 
48| Nov. 4 | 20 | 220.5 | 376.4 | 55 0.3406 | 20.0 | 128.8] 0.947 | 13.81 | 10.06 2.8 | 91.6 2.7| 45.8 
49| Nov. 8 30 | 220.5 | 382 0| 5 5 | 0.3409 | 22.7 | 131.1 0.948 | 14.07 | 10.21 72.6 | 91.7 2.7 | 45-9 

sol Nov. 11 | 30 | 220.9 | 381.7 | 55-74 | 0.3402 | 21.9 | 129.2 | 0.945 13.83 | 10.22 73-9 | 91.4 2.8] 45.7 
51) Nov. zz | 30 | 221.2 | 382.0 | 56.03 | 0.3398 18.7 | 129.8) 0.940 | 13 83 | 10.24 74.0 | 91.0] 42.8] 45.5 
52 | Nov. 13 | 30 | 221.3 | 381.9 | 55-73 | 0.3410} 21.0 | 1292] 0.948 | 13.88 | 10.2 73:3 | 91.8} 42.9] 45.9 

5 30 | 221.3 | 380.9 | 55 77 | 0.3411 | 21.4 | 129.3 | 9.949 | 13.89 | 10.22 73-5 | 91.8 2.9] 45-9 

, 30 | 221.5 | 375.4 | 55-60 | 0.3399 | 22.6 | 128.9] 0.944 | 13-77| 1008 | 73.1 | 91.3] 42.9] 45-7 
30 | 222.0 | 378.9 | 55-73 | 0-3397 | 21-7 | 129.2 0.943 13.80 | 10.20 | 73.9] 91.2 43.0] 45.6 

30 | 222.9 | 381.1 | 55.96 | 0.3420 | 21.8 | 129.4 | 0.952 13.96 | 10.30 73-8 | 92.2] 43.2] 46.1 
30 | 223.6 | 365.3 | 54.96 | 0.3379 | 21.1 | 127-4 | 9.935 | 13-50] 9.90 | 73-3 | 90-5] 43-3 | 45+3 
30 | 224.3 | 375-8 | 55-76 | 0 3410| 21.5 | 129.3 | 0.948 | 13.89] 10.22 | 73.5 | 91-8] 43-4] 45-9 
30 | 225.0 | 374.0 | 55.76 | 0.3418 | 18.5 | 129.2 | 0.952 | 13.93 | 10.20 73.2 | 92.1 | 43-6] 46.0 
30 | 225.7 | 369.2 | 55.71 | 0.3393 | 21.7 | 129.1 | 0.941 13-76 | 10,10 73-4 gI.1 43:7] 45-5 

30 | 226.8 | 371.5 | 55-87 | 0.3424 | 20.0 | 129.5 | 0.954 | 14.00] 10,21 73.0 | 92.3] 43-9] 46.2 
30 | 228.4 | 364.9 | 55.60 | 0.3389 | 21.2 128.9 | 0.939 | 13.72 | 10.10 73.6 | 99.9] 44-2] 45-5 

|| | oe | 

Diameter of nozzle. . . . . . . 0.1147 feet. Width of weir Pe ae ee ne 1.498 feet. 

Diameter at piezometer . . ‘ 0.5 feet. Circumference of power scale 4 feet. 

J’ neter of wheel through center of buckets, 3.698 feet. 
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Tests on No. On 

in the Engineering Laboratories. 

DoucLas HypRAULIC w > = 

| Number of test. 

oe ie Be: 4 | o> 1/48 | 32 A " o | 3 = a) }; es ° | oa 2 | £ « & be | Vay | os FQ | SE 
e | E 2 | o > § & 

Dae. | °g | - | ® s | sg | gz | 3 |32-| 28 
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$3138 | 28) 8 | SS |] pe | Bo |S8e] a8 c= | s& | se | 3 | oS | FR | FS | See] 38 
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- | | | | | 
1396. | 

| Mar. 12 20 406 4. af |. es 1 oe | 172.2 8.60 716 318 
Mar. 19 20 6.5 | 39 7o 307.75 180.9 15.39 1,180 600 
Mar. 5 30 5.86 4t | 62 290 | 163 9.66 962 396 
Feb. 21 30 | 546 | 46 | 67 319 166.1 10.30 907 474 
Mar. 3 30 «| 5.96 46 | 66.3 | 343.5 171.6 11.45 1,020 527 
Mar. 2 30 6.0 | 46 | 67 365.5 193-5 12.18 1,160 560 
Feb. 28 30 65 | 46 | 73 342 177-9 | 11.40 1,160 524 

| Feb. 25 30 | 5.96 | 48 | 70 262 160.7 8.73 958 419 
Mar. 20 30 6.0 | a8 | 66 264 172 8.80 103 22 
Feb. 25 30 6.0 | 48 | 70 289 164 9.63 984 462 

| Mar. 2 20 60 | 48 | 65 205.7 169 10.29 1,010 494 
Feb. 27 30 6.92 |} 48 | 79 363 | 160.3 12.10 1,110 581 
Feb. 26 30 6.95 51 79 382 207.9 12.73 1,440 649 
Mar. 3 30 6.5 53 | 70 302 172.6 10.07 | 1,120 534 
Feb. 19 30 «| 6.24 s7 | 97 280.2 180.1 9-34 1,120 532 
Mar. 10 30 «| «7.12 s7 | 94 306 169.9 10.20 1,210 581 
Feb. 20 30 «=| _~=—«5.98 60 | 69 222 | 155-5 7.40 930 444 
Feb. 17 30 | 645 | 60 | 72 | 270.5 173.3 g.01 1,120 541 
Feb. 21 30 6.7. | 60 | 977 | 274 | 159.8 9.13 1,070 548 
Mar. 6 30 6.58 | 62 | 7o «=| 204.5 | 161.3 6.81 1,060 423 
Feb. 20 30 6.96 62 75 | 297-5 | 175-7 9-91 1,220 615 
Feb. 2 30 5.96 69 7o | 181 | 154.8 6.03 923 416 
Feb. 26 30 6.70 | 69 78 | 798-5 | 185-4 6.61 1,030 457 

| 

(Per 

E ficiency. 
cent.) 

(Gals. 

per hour. 
Capacity. 



Compound Marsh Pump. 

Tests on A CompounD Marsu Pump, 10”, 16”, anp g}" X 16! 
STROKE. 

The steam used by the pump was condensed in a surface condenser 

and weighed. 

The water pumped was measured, first, by means of an underwrit- 

er’s fire nozzle either 1} or 2” in diameter; then, after leaving the 

nozzle, by flowing the water over a weir in the second story of the 

laboratory, and then again by means of a second weir in the base- 

ment. The results by the two weirs agreed very closely, but it will 

be noticed that there is a slight difference between the quantities by 

the weirs and by the nozzle. 

‘The total head pumped against was found by adding to the differ- 

ence in level between the water in the suction well and that in the 

air chamber the head in feet of water due to the air pressure in the air 

chamber. 

Five indicators were used, four on the steam end and one on 

one end of the water cylinder. Motion for the indicator was gotten 

through a pantograph attached to a tail-rod screwed into the water 

piston and running out through the back head of the water cylinder. 

The length of stroke and number of strokes were obtained by attach- 

ments to this same tail-rod. 
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TESTS ON A COMPOUND MARSH PUMP, 10”, 16’, AND 9}/’ X 16// STROKE. 

& 2 3 M. E. P. Steam Cy.inpers. 4 

E = > 3 
Pa 4 3. 7 ~ ~ a ~ = 

a g 5 8 Y 3 < 3 = e 
4 a 98 be 38 8 5 a +k 
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INSTRUCTION IN THEORETICAL CHEMISTRY} 

By ARTHUR A. NOYES, Pu.D. 

THE rapid development which the science of general or theoretical 
chemistry has undergone within the past few years has made impera- 

tive radical changes in the systems of instruction in that subject. 

Ten years ago it was necessary, and unfortunately to-day it is still 

very common, for text-books and teachers of theoretical chemistry 

to confine themselves almost exclusively to a discussion of the laws 

and principles underlying the composition of existing bodies, leaving 

out of consideration entirely the other great division of chemical sci- 

ence which treats of the changes in the composition of bodies. The 

older courses of instruction treated very fully the chemical significance 

of the properties of gases, but were obliged to pass over in silence 

the more familiar class of substances known as solutions. It is not, 

however, merely in extent alone that the subject has increased in im- 

portance. The recent additions have imparted to it a much more 

practical character, and have brought it into much closer connection 

with the experimental work of the ordinary chemist. It will hardly 

be claimed that a knowledge of the Principles of Avogadro, Dulong 

and Petit, and Mitscherlich, of the Periodic Law, or of the hypotheses 

in regard to valence, is of much service in enabling the chemical stu- 

dent to understand the facts met with in his daily experience; but an 

acquaintance with the laws on which depend the familiar phenomena 

of neutralization, precipitation, solubility, displacement of one acid or 

base by another, the behavior of indicators, and the like, is of the 

greatest practical value to him and of almost constant applicability. 

On this account it seems to me urgent to emphasize the impor- 

tance in courses on general or theoretical chemistry of a detailed and 

thorough consideration of the recent theories of solution and the con- 

stitution of dissolved substances, and of the laws of chemical change 

and equilibrium. It is not sufficient, as is done in some of the recent 

text-books on the subject, merely to announce the general principle, 

* Read at Buffalo before the American Association for the Advancement of Science. 
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for example, simply to state the fundamental law of chemical statics 

in the usual formal way, but it is necessary to illustrate it by a great 

variety of practical applications to known phenomena, until the prin- 

ciple becomes as familiar as the Structure Theory is to the student of 

organic chemistry. In my opinion, about two thirds of the time avail- 

able should be devoted to the recently developed portions of the sub- 

ject. At the Massachusetts Institute of Technology, out of seventy- 

five hours of classroom work in theoretical chemistry, forty-five are 

concerned with the phenomena of solutions and of chemical change. 

Fifteen lectures and recitations are devoted solely to the discussion of 

applications of the law of chemical equilibrium. 
It is unfortunately true that at the present time there is no text- 

book suitable for an undergraduate student which treats these mat- 

ters in a satisfactory manner. The teacher can, however, readily ob- 

tain the material for such a course from the larger works of Ostwald 

and Nernst. It may, however, perhaps not be superfluous to enumer- 

ate the principal recently developed subjects which ought in my opin- 

ion to be considered in an undergraduate college course. They are: 

The experimental laws of osmotic pressure, vapor pressure, freezing- 

point lowering and boiling-point raising, and the theoretical relations 

between them ; the abnormal values of these properties in the case of 

salt solutions, the electrical conductivity and characteristic chemical 

properties of salt solutions, and the explanation of these phenomena 

by the Electrolytic Dissociation Theory ; the determination of the de- 

gree of dissociation of salts from conductivity measurements; the laws 

of the effect of concentration, temperature, and catalytic influences on 

the speed of chemical reactions ; the law of chemical equilibrium, and 

the application of it to the phenomena of gaseous and electrolytic dis- 

sociation, of solubility effect, of hydrolysis, of the division of a base be- 

tween two acids, and of indicators; the degree of dissociation and 

affinity constants of organic acids and bases and other compounds ; 

the effect of temperature on chemical equilibrium ; a brief discussion 

of thermochemical methods and calculations, of the general principles 

established in the case of the neutralization of acids and bases, of their 

explanation by the dissociation theory, and of the so-called principle 

of maximum work; and finally, Faraday’s Law of Electrolysis and the 

relation of electrical and chemical energy in galvanic elements. 

It is very desirable that the class-room instruction should be sup- 

plemented by laboratory practice. Experience at the Massachusetts 
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Institute of Technology has shown that a quite satisfactory labora- 

tory course can be given in about thirty hours’ time, and, as the 

apparatus required is not expensive, it would seem practicable to in- 

troduce such courses more extensively. The course given at the Insti- 

tute comprises the following quantitative experiments: Vapor-density 

determinations by the three methods of Victor Meyer, Hoffmann, and 

Dumas; molecular-weight determinations with Beckmann’s boiling and 

freezing point apparatus ; measurement of the speed of catalysis of 

methyl acetate by hydrochloric acid; determination of the solubility 

of one salt in the presence of another; measurements of the elec- 

trical conductivity and calculation of the affinity constant of an or- 

ganic acid; and a thermochemical measurement of the heat of neu- 

tralization of sodium hydroxide and hydrochloric acid. It will be 

seen that almost all these experiments are distinctly chemical in their 

bearing. Into a more extended course, physico-chemical measure- 

ments proper, such as specific gravity, index of refraction, viscosity 

determinations, and so forth, could be advantageously introduced. In 

arranging the details of a course like that here described, the teacher 

will find Ostwald’s Handbook of Physico-Chemical Measurements of 

great assistance. 
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ORIGIN OF PEGMATITE. 

By W. O. CROSBY? anp M. L. FULLER. 

Received October 3, 1896. 

INTRODUCTION. 

TueE history of geology is replete with theories of pegmatite, or 

giant granite— manifold modifications of the agency of water and 

heat ; and this diversity of opinion finds a ready explanation in the 

fact that in no other class of rocks do we find such a perfect com- 

bination of aqueous and igneous characters. Although the intimate 

association and evident close connection of pegmatite with undoubted 

plutonic rocks, and their agreement with the latter in composition 

and relations to the inclosing formations, has led many writers to 

regard the pegmatite itself as of plutonic igneous origin, it is not 

long since geologists, from a consideration chiefly of the exceedingly 

coarse crystallization and frequent comb-structure of the pegmatites, 

were quite generally united, under the leadership of T. Sterry Hunt, 

in the conviction that they were true vein rocks, due to the deposition 

of the various component minerals from solution in open fissures or 

other preéxisting cavities. Now, however, a decided drift in the op- 

posite direction may again be noted, and the recent literature of the 

science indicates an approaching consensus of opinion in favor of the 

Nearly three years ago (December, 1893) I read a paper on the ‘‘ Origin of Pegmatite” 
before the Geological Society of America, a brief abstract of which appeared in the Ameri- 

can Geologist for March, 1894. (See, also, Technology Quarterly, 7, 30-31.) In that paper 

I developed in outline the modification of Lehmann’s aqueo-igneous theory of pegmatite, which 

is more completely elaborated and substantiated in the present contribution; but its publi- 

cation was deferred, awaiting an opportunity to more thoroughly test the theory in the field. 

In the summer of 1895 I was able to spend a few days in the pegmatite district of Graf- 
ton and Sullivan Counties, in southwestern New Hampshire, and later in the year Mr. 
Fuller, a student in the Geological Department of the Massachusetts Institute of Tech- 

nology, undertook, under my direction, a more extended and detailed study of the pegma- 

tites of that region, basing thereon his thesis for graduation the following June. Mr. Ful- 

ler’s investigation has materially modified and strengthened the aqueo-igneous theory, and 
hence this joint production. 

W. O. CRosBy. 
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association of the pegmatites, in their genetic relations, with plutonic 

igneous rocks rather than with subterranean aqueous deposits. In 

fact, the view that pegmatite is in some sense an intrusive rock may 

be regarded as so well established, through the labors of Lehmann,! 

Brégger,? Williams,® and others, that the theories of lateral secretion 

and aqueous deposition are fast becoming of merely historical interest. 

This modern view is more acceptable than any of its predecessors 

mainly because it is less extreme. It is a reaction toward the ig- 

neous category, but the pendulum has not swung so far as to wholly 

exclude the aqueous influences. In short, the new theory is not sim- 

ply a revival of the old, but it is essentially a combination or com- 

promise —neither igneous nor aqueous, but aqueo-igneous. The mod- 

ern conception is that in a broad view the pegmatites are igneous 

rocks, but it is the part which water has played in their formation 

that has so strongly differentiated them from other igneous types. 

Although we shall incidentally apply the touchstone of observed facts 

to all the principal hypotheses, the chief purpose of this paper is a 

contribution to the aqueo-igneous theory.* 
The term pegmatite has been employed heretofore in two senses: 

To designate (1) the macro- and micro-pegmatitic or graphic-granite 

structure in rocks; (2) a distinct type of coarsely crystalline plutonic 

rocks, which is characterized only to a slight degree by the pegma- 

titic or graphic structure, but is especially distinguished, as a rule, 

by the gigantic scale of its crystallization. It is, of course, in the 

second sense that the term is employed here. We desire, however, 

to direct attention at the outset to two prominent facts which ap- 

pear to us to demand a modification of the definition. First, the 

pegmatites have a wide range in composition, from the most highly 

acidic of all rocks (pure quartz) to ultra-basic varieties, giant granite 

being an appropriate trivial name only for some of the more acid 

forms. Second, the differences between the pegmatites and the 

more normal plutonic rocks are textural to a much greater degree 

* Ueber die Entstehung der alt krystallinischen Schiefergesteine, 1884, p. 24 ¢¢ seg. 
* Die Mineralien der Syenitpegmatitgange der siidnorwegischen Augit und Nephelin- 

syenite, 1. Theil, pp. 215-225. For translation, by N. N. Evans, see Canadian Record of 
Science, 6, 33-46 and 61-71. 

3 “Origin of the Maryland Pegmatites.” Fifteenth Annual Report United States Geo- 

logical Survey, pp. 675-684. 

‘The contributions of Brégger and Williams, already referred to, are replete with ref- 

erences, and render citations of the earlier literature unnecessary here. 
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than mineralogical or chemical. In other words, since the classifica- 

tion is based primarily upon composition (the result of magmatic dif- 

ferentiation), pegmatite should be regarded, not as a distinct species 

or family of rocks, but rather as a possible textural phase of all, or 

nearly all, the plutonic rocks ; and we may in general say of any plu- 

tonic rock that it may be cryptocrystalline, microcrystalline, macro- 

crystalline, or pegmatitic. Our problem is, then, to account for the 

pegmatitic phase of the plutonic rocks. While there can be little or 

no doubt that the acid and basic pegmatites have had a common 

origin, every student of geology knows that the acid types have been 

far more generally and extensively observed and exploited, and hence 

more fully and satisfactorily described, and our own field studies, as 

already indicated, have been limited chiefly to this class. The con- 

clusions stated in the following pages are to be understood, therefore, 

as applying especially to the acid pegmatites. 

CHARACTERS OF THE ACID PEGMATITES. 

A complete description of the acid pegmatites is not intended 

here, but simply an enumeration of the chief features which any 

satisfactory theory of their origin must explain. 

Composition. — The acid pegmatites, like the corresponding normal 

plutonic rocks, consist of anhydrous silicate species, and usually more 

or less of free acid (quartz) and traces of free bases (iron oxides, 

cassiterite, etc.), apatite being, perhaps, the most conspicuous excep- 

tion, although the complete list of the pegmatite minerals includes 

also titanite and various niobates, tantalates, and tungstates. The 

great disparity as regards abundance makes possible a quite sharp 

distinction between the so-called principal or essential, and the rarer 

or accessory, species. The essential species include quartz; the acid 

feldspars — orthoclase, oligoclase, albite, and microcline — the last two 

being especially characteristic; and the more acid micas, including 

muscovite and lepidolite and, less characteristically, biotite. The ac- 

cessory minerals are more numerous, in some cases more distinctive, 

and especially remarkable for the large proportion of rare species 

or species that are rare or wholly wanting in all other rocks. <A 

single mica mine in New Hampshire (the Ruggles Mine in Grafton) 

is said to have afforded sixty-one minerals, and it is undoubtedly true 

that the list of known silicate species is considerably longer than it 
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would be if these natural cabinets, or storehouses of fine minerals, 

had never been studied. 

The quartz of pegmatite, as of ordinary granite, is especially 

characterized by numerous inclusions of water and carbon dioxide. 

The proportion of carbon dioxide to water has been proved to be so 

high in some cases —for example, nearly I to 1 in the quartz of the 

Branchville, Connecticut, pegmatite as to indicate that the crystal- 

lization took place under enormous pressure.! 

Our observations abundantly confirm Williams’ statement? that 

the most typical pegmatites are intimately associated with, and pass 

gradually into, bodies of pure quartz and ordinary quartz veins. But 

we cannot agree with this writer in drawing across this undoubted 

gradation an arbitrary line of demarcation as regards origin. On the 

contrary, we feel that the true theory of pegmatite must recognize 

this obvious relationship to quartz veins, by making of the latter a 

possible end-product of the same great process of differentiation which 

yields the former. In other words, some quartz veins are on the same 

road that lead to pegmatite, but a little farther along, at the end of 

the road. On the west side of Narragansett Bay, opposite Conanicut 

Island, there is, in the cliffs known as the Bonnet and Packard Rocks, 

a series of mica schists backed by normal granite and traversed by 

numerous very typical veins of pegmatite 5 to 50 feet wide. <A mile 

to the eastward, on Dutch Island, the veins in the schist are quartz 

with some feldspar but no mica; while on the west shore of Conanicut 

Island, so far as observed, they are quartz alone. Van Hise has noted 

a similar gradation in the character of the pegmatite veins intersect- 

ing the schists which envelop the granite core or batholite of the Black 

Hills, the veins changing gradually from typical pegmatite near the 

granite to ordinary quartz veins at a moderate distance. (6th Annual 

Report United States Geological Survey, Part. 1, p. 688.) 

Relations of Composition to the Inclosing Rocks. — Broadly speak- 

ing, the pegmatites are independent of the wall rock in composition. 

In New Hampshire we have found pegmatites of strikingly uniform 

composition traversing in succession and without sensible change a 

whole series of granites, gneisses, and schists of the most diverse 

character. Brégger and Williams have specially noted this indiffer- 

1A. W. Wright. American Journal Science, March, 1881. 

2 United States Geological Survey. Fifteenth Annual Report, pp. 678 and 679. 
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ence of the pegmatites to the character of the inclosing formations. 

The former! cites as examples the acid pegmatites of Hitteré, which 

cut a very basic (labradorite and anorthite) rock, and those of Ru- 

demyr cutting Silurian schists and limestones, and the latter? speaks 

of the acid pegmatites of Maryland as occurring in gabbro and peri- 

dotite and extending from gneiss into limestone without sensible 

change. 

The one important exception to this principle is found in the fact 
which lies at the foundation of the modern theory of pegmatite, viz., 

that-in every pegmatite district there is one normal plutonic rock of 

essentially similar but slightly less acid composition, with which the 

pegmatite is most intimately associated, into which it may often be 

traced, and from which it has evidently been derived. That is, the 

pegmatites are contrasted with the inclosing formations in all cases 

except where they traverse the plutonic mass of which they are the 

most highly differentiated phase or end-product. Brogger and Wil- 

liams lay much stress upon this fact and cite abundant illustrations of 

it, noting especially that the pegmatite is more acid than the parent 

mass. Williams says of the pegmatite’ dikes of Maryland, “ They 

agree essentially in chemical and mineral composition with the granite 

masses whose igneous origin is well established, although they are in 

the main somewhat more acid than these, and their size and abundance 

are directly proportioned to their nearness to some eruptive granite 

mass. At many localities they can be seen to decrease steadily both 

in number and size as they recede from such a granitic boundary.” 

The more acid character of pegmatite than of granite is seen in the 

fact that among the micas biotite largely predominates in granite, and 

is the exception in pegmatite. 

The parent plutonics of the pegmatites which we have studied in 

New Hampshire are the Concord granite, and the Montalban gneiss, 

the latter seeming to be merely a more gneissoid phase of the former. 

These two granitic types, it may be added, are readily proved by the 

field evidence to be the youngest and most acidic of the entire gran- 
itic series of the region, the facts pointing very plainly to a progress- 

ive chemical differentiation of a vast body of magma during a long 

period, with, at the end, a marked textural differentiation. In New 

Canadian Record of Science, 6, 36 and 37. 

2 U.S. Geol. Survey, Ann. Report, 15, 683. 
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Hampshire we have not found the pegmatite so abundant in the Con- 

cord granite or any plutonic formation as in the fibrolite and other 

schists, which are easily proved to antedate all these igneous rocks. 

This is due in part, probably, to the fissile and flexible character of the 

schists, by virtue of which they offer an easier passage to intrusives 

than do the more massive formations; and in part, no doubt, to the 

relative readiness with which they are dissolved or melted away by 

the invading magma. It may be added that in the schists, as in the 

gneisses and granites, the amount of pegmatite is, in general, inversely 

proportional to the distance from the Concord granite. 

It is a reasonable expectation that the absorption of great bodies 

of schist should affect the composition of the pegmatite. In fact 

Geikie says (7ext-Book of Geology, p. 302), igneous rocks dissolve or 

eat away the inclosing formations, and in consequence vary consider- 

ably in composition from place to place. The schists are poor in 

alkalies, being composed chiefly of silica and alumina; and their 

absorption by the pegmatite magma would obviously tend to make 

the pegmatite richer in quartz and muscovite, as the following com- 

parison of the alkaline silicates shows, the formation of a pure alu- 

minum silicate being impossible in the presence of alkalies. 

Orthoclase, SiOz, 64.7; Al,O3, 18.4; alkalies, 16.9 

Muscovite, SiOQg, 46.5; AlgO,, 33.9; alkalies, 10.0. 

This is in harmony with our observation that the mica mines of 

New Hampshire, and so far as we are able to learn of other regions, 

are chiefly in the schist series, and we believe that in general the peg- 

matite is more micaceous in the schists than in the granite. It may 

be that we have here an explanation of greisen—that rather anoma- 

lous aggregate of quartz and mica. Lepidolite has been noted as a 

specially characteristic feature of pegmatite, and the fact that it also 

occurs in greisen is certainly suggestive of the genetic relationship of 

the two rocks. We also venture the suggestion that perhaps pegma- 

tite rich in tourmaline, and tourmaline or schorl rock (tourmaline 

and quartz) may be explained in the same way, tourmaline represent- 

ing a still greater dearth of alkalies—2 to 4 per cent. 

Although this close agreement in composition between pegmatite 
and its parent plutonics certainly holds for the principal component 

minerals, the two types seem to be contrasted as regards their rarer 

or accessory constituents, pegmatite being much richer in these than 
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granite. G. vom.Rath, in his account of the celebrated pegmatite 

veins of Elba,! says that the “tourmaline, beryl, lithia mica, etc., are 

foreign to normal granite,’ and that ‘these veins, on account of their 

wealth in rare and peculiar minerals, which for the most part are want- 

ing in the wall-rocks, necessitates the assumption of a special mode of 

formation quite different to that assumed for the wall-rock.” That 

the rare species are a more conspicuous feature of pegmatite than of 

granite is obvious, but that they are absolutely much more abundant 

when large volumes of rock are compared, has certainly not been 

proved, and is at least doubtful. The same slow process which builds 

the giant crystals of spodumene, beryl, etc., must tend to gather the 

materials from a large volume of magma. In other words, although 

in the number and variety of the accessory minerals the pegmatite 

veins far exceed the known species of the normal granites, we have 

good reason for believing that in these rarer or accessory as well as 

the more abundant or principal minerals, the two types are essentially 

similar if not almost identical, or at least that bulk analyses would 

show a substantial agreement in chemical composition. Substances 

which are so sparingly and thinly diffused in the normal granites as to 

be almost or quite inappreciable are, if not actually concentrated in 

the pegmatite, developed in a more concrete and tangible form. 

Texture. (Crystallization.) —Undoubtedly the most distinctive and 

striking feature of the pegmatites is the crystalline structure, which is, 

in general, on a remarkably coarse or gigantic scale, and unparalleled 

among the sedimentary and normal igneous rocks. Well formed crys- 

tals of feldspar and mica, and even of such rare accessories as beryl 

and spodumene, from 6 inches to a foot or more in diameter, are 

normal occurrences. In fact, as regards the size, perfection, beauty, 

and variety of the specimens which they afford, the pegmatites are, 

more than all other rock formations taken together, the great reposi- 
tories of crystallized silicates, as every good mineral cabinet testifies ; 

and it is thus easy to understand why the pegmatite veins are objects 

of the highest interest to students of mineralogy. An examination 

of the mineral localities of New England and Canada, not to take a 

broader view, would undoubtedly show that a very large majority of 

the more interesting occurrences are in acid or basic pegmatites. 

? Die Insel Elba (Geogn.-min. Fragmente aus Italien, VIII) in Zeitschr. d. d. geol. Ges., 

1870, 22, 649. 
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The maximum crystallization is indicated by the great beryls from 

a foot to a yard in diameter in the mica mines of New Hampshire, the 

largest known example of which is in the Museum of the Boston So- 

ciety of Natural History, and the gigantic spodumenes from 10 to 

over 30 feet in length, and from a foot to a yard in diameter, in the 

tin mines of the Black Hills. In the pegmatites of New Hampshire 

we have frequently observed feldspars ten feet or more in length, and 

one crystal in the American Mine in Groton measured fully 20 feet ; 

while Brégger mentions! feldspar individuals more than 10 meters 

(nearly 33 feet) in length. It is, of course, by virtue of the large 

scale on which the crystallization has taken place that the pegmatite 

veins are not quarried for granite, but rather to obtain mica, feldspar, 

and quartz for commercial purposes, these and many rarer species for 

mineral cabinets, and tourmaline and other gems. 

Brégger? also points out that coarseness of crystallization alone 

does not ‘condition the pegmatitic nature of the veins, nor is even 

necessarily present in order to justify the appellation pegmatitic. It 

is the habitus as a whole which determines this.’”’ Nevertheless, this 

giant granite texture is very constant, and clearly, as already stated, the 

most distinctive and essential character of pegmatite. One fact to be 

specially noted is that the coarseness of texture or scale of crystalliza- 

tion is not proportional to the size of the masses, for dikes and bosses 

hundreds of feet wide may be finer grained than those 5 to 20 feet 

wide. Thus the great boss of pegmatite forming Mt. Tug, in Orange, 

500 feet wide and 1,500 feet long, is relatively fine-grained, while, as 

marking the other extreme, we recall a vein in Groton less than 2 feet 

wide containing stout crystals of feldspar 20 inches broad. 

Next in order stands the irregularity of both the mineral composi- 

tion and texture. The normal plutonics are remarkably even grained 

and uniform mixtures of the component minerals; but in the peg- 

matites the principle of segregation has evidently had almost unre- 

stricted play, and irregularity is the rule. It is difficult to do justice 

to this somewhat indefinite character in words; but every one who has 

observed pegmatites in the field will fully appreciate it. As noted by 

Brogger,® the finer grained portions of the pegmatite often become 

eugranitic and indistinguishable from the parent plutonic. 

* Canadian Record of Science, 6, 67. 

* Ibid., 69 and 70. 

3Ibid., 6, 64. 
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The order of crystallization of the various minerals in pegmatite 

is the same as for the normal plutonics — tourmaline (and other basic 

species), biotite, muscovite, basic feldspar, acid feldspar, and quartz — 

and equally constant, (Figure 1). Pegmatite agrees with the normal 

plutonics, also, in the approximately idiomorphic character of the ear- 

lier crystallizations, the quartz being always allotriomorphic. In the 

vugs and pockets of the pegmatite veins, however, the order of crys- 

tallization is reversed, except for tourmaline and other ultra-basic spe- 

cies, and the quartz is idiomorphic. This reverse order is well shown 

in the abundant association of albite and muscovite in the pockets 

of the pegmatite veins of Groton, Orange, Grafton, and other towns. 

The albite occurs as distinct tabular crystals (clevelandite) projecting 

into the cavity; and implanted on the albites are the muscovites. 

Notwithstanding the lateness of its crystallization, the quartz not in- 

frequently forms immense vitreous masses (Figure 2), and these often 

pass into veins of quartz, or quartz and accessory feldspar, intersecting 

the normal pegmatite as well as the country rock (Figure 3), thus testi- 

fying clearly to the extremely acid character of the magma residuum. 

Rosenbusch has sagaciously correlated the pockets and druses 

with the miarolitic structure of the normal plutonics —a feature of 

like significance, but developed, like the crystallization, on a grand 

scale. Evidence of contemporaneous crystallization is abundant in 

all the larger masses, the crystallization of the later species having 

begun before that of the earlier ceased. It is sufficient to merely 

mention the unique example of this which we have in graphic gran- 

ite. A tendency to this regular intergrowth of quartz and feldspar 

is frequently manifested ; but it rather rarely attains to its ideal de- 

velopment. The perthitic intergrowth of the feldspars has, appar- 

ently, a like significance. When the earlier crystallizations assume 

slender, prismatic forms, as is notably the case with tourmaline, the 

subsequent hardening and crystallization of the silica (quartz) involves 

not only the inclosure, but also the distortion and breaking, of the 

guest crystals. 

Structure. —It is among the varied structural phases of pegma- 

tite that aqueous and igneous characters—the features of veins and 

the features of dikes are most perfectly blended. The pegmatite 

masses, like true dikes, are frequently fine-grained next the wall, be- 

coming rapidly coarser toward the center.’ Where the inclosing for- 

mation is the parent plutonic, the fine-grained portion, as previously 
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noted, sometimes becomes eugranitic and grades into the wall-rock 

without any line of demarcation. This contact zone of the pegma- 

tite masses is, perhaps, the most usual phase of the banded structure 

to which the advocates of the aqueous theory attach so much im- 

portance. Brégger says,! “The zonal structure, when any such is 

present, which, however, is generally not the case, usually makes 

itself evident only in a finer-grained condition of the vein bounda- 

ries, and sometimes (especially in the case of granitic pegmatite 

veins) in a zone with graphic structure next the fine-grained eugran- 

itic marginal zone, upon which there frequently follows (especially in 

acid granitic pegmatite veins) in the middle of the vein a tremendous 

size of grain, here often with special enrichment in rarer minerals and 

also (particularly in acid veins) not seldom with open or distinctly 

drusy cavities filled with peculiar mineral deposits.” All this accords 

with our observations ; but, besides this pseudo-banding, there is a 

true vein-banding closely akin to that of undoubted aqueous forma- 

tions. This, however, is of rather rare occurrence; and, according to 

our observations, mostly confined to the narrow, linear, crack-filling 

veins, such as abound in the Concord granite. We are unable to 

agree with Brégger that this banding is always distinct from that of 

true veins, “inasmuch as the outer zones pass continuously into the 

inner.” We will only cite a single instance; but this appears to be 

typical. In the Museum of the Boston Society of Natural History 

is a complete cross-section specimen from a well-defined linear vein 

of pegmatite in Chesterfield, Mass. The width of the vein is six to 

seven inches; and it is made up of two sharply defined and sym- 

metrical bands or layers of albite (clevelandite), with the tabular 

crystals set edgewise to the walls, and a median band of smoky 

quartz; while springing directly from either wall and penetrating 

both the albite and quartz are numerous slender prisms of green 

and red tourmaline. The order of crystallization is clearly marked; 

and it is very obvious that in this instance the successive periods 

or generations did not overlap. The minerals were deposited strictly 

in succession, although, for that matter, a certain amount of contem- 

poraneous deposition is common enough in true veins. 

The disposition of the tourmalines noted above is highly char- 

acteristic; and may be observed in many massive or unbanded veins ; 

? Canadian Record of Science, 6, 66. 
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showing that this comb-structure and a distinct banding are not 
necessarily correlative, although they are undoubtedly of like signifi- 

cance, testifying with equal distinctness to successive crystallization. 

The comb-structure is also observable in the disposition of other 

prismatic minerals and of such tabular species as mica and albite, 

which are almost invariably set edgewise or perpendicular to the 

walls in veins of regular form and structure. 

Although occurring but sparingly, vugs or pockets and druses 

are to be regarded as highly characteristic and significant structural 

features of pegmatite—interesting and entirely normal possibilities 

of the pegmatite process. In the New Hampshire pegmatites we 

have found them almost exclusively in the larger veins and masses; 

"and some of these are of large dimensions, as may be inferred from 

the fact that a pocket in the Palermo Mine, in Groton, has afforded 

a well-formed crystal of quartz about a yard in diameter. These 
great pockets are wholly irregular in form, and seem to have no defi- 

nite position in the vein, except that they are never peripheral. In 

other districts, pockets in narrow and distinctly linear veins have 

been observed. These are flatly lenticular in form and, except min- 

eralogically, in no wise distinguishable from the pockets of ordinary 

mineral veins. 

Inclosed fragments of the wall-rock are an exceedingly common 

and characteristic feature of pegmatite; and the inclusions are, almost 

without exception, as so commonly in the normal plutonic rocks, in 

perfect agreement in position and orientation of the lamination or 

other structural features with the adjacent wall-rock. This peculiarity 

of the inclusions, although not absolutely incompatible with the aque- 

ous theory of pegmatite, certainly accords best with the plutonic ig- 

neous theory. In two instances only have we observed inclusions that 

appeared to be foreign to the immediately adjacent part of the wall; 

viz., in small veins near the Palermo Mica Mine of North Groton 

and in the southern part of Grafton. In both cases the foreign in- 

clusions are of the dark hornblendic Bethlehem gneiss, while the 

wall-rock is fibrolite schist in the first instance and the coarse por- 
phyritic granite in the second. 

In many cases the inclusions, especially of schist, have an ex- 

ceedingly frayed-out and skeleton-like appearance, suggesting a differ- 

ential solvent action and shredding rather than mere mechanical 

Sreaking or cracking. The wall itself is often similarly affected, as 
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well as more or less distinctly impregnated with tourmaline and other 

minerals of the first crystallization. This is perhaps the most signi- 

ficant of all the contact phenomena coming under our notice. 

We have not observed any clear examples of the centric or 

spheroidal structure described by L. von Buch and others, and so 

strongly insisted upon by Brogger; nor has the rare fluidal struc- 

ture cited by Brégger! come under our notice. But we have noted 

one fact which very plainly suggests motion in the mass during the 

crystallization of the pegmatite. In a small vein in the Winnepe 

saukee gneiss north of Honey Brook, in Acworth, the tourmalines, 

which extend about two-thirds of the way across the fissure, are 

for a distance of many feet tilted uniformly from the berpendicular 

to the wall about thirty degrees. This tilting is real and cannot 

be explained by any irregularity of the walls. 

External forms and formal relations to inclosing rocks. — With 

pegmatite, as with pretty much all subterranean formations, form is 

less distinctive and significant than structure or composition; and 

the morphologic argument is rather evenly divided between the 

rival theories—aqueous and igneous. In general, the occurrences 

are dike-like in form; but they may with equal propriety be de- 

scribed as vein-like. 

No doubt the spaces or cavities occupied by the pegmatites are 

chiefly mechanical in origin—spaces of discission; and they must, 

therefore, be conditioned by the structure of the inclosing rocks and 

the nature of the disrupting force. The more regular masses may 

be described as rectangular (Figure 4), wall-like (vertical sheets), len- 

ticular (Figure 5), or tabular (horizontal sheets) ; but a very large pro- 

portion of the occurrences are too irregular to come under either of 

these terms (Figure 6). They very commonly conform closely with 

the structure planes of the schistose rocks (interbedded veins) ; but 

they also intersect the bedding planes or lamination at all angles; and 

may in general be assumed to follow lines of least resistance to the 

disrupting force. 

We were surprised to find that the cavities occupied by the peg- 

matite are, on the whole, more crack-like (parallel sides, definite an- 

gles, ard general linear character) and more plainly suggest a mechan- 

ical or disrupting force in the massive rocks than in the bedded and 

* Canadian Record of Science, 6, 64 and 65. 
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schistose rocks; and for many of the pegmatite masses in the schists 

the mechanical explanation is entirely inadmissible, the pegmatite hav- 

ing evidently made room for itself by dissolving and absorbing con- 

siderable volumes of schist — spaces of dissolution. We have a mag- 

nificent example in the great body of pegmatite at the Ruggles Mica 

Mine, in Grafton. It has great breadth in the vertical schists, and 

the schists, without change of dip, completely cover the pegmatite, 

the bedding planes ending downwards squarely against the approxi- 
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FIG. 4.— PLAN AND SECTIONS OF THE GREAT VEIN OF PEGMATITE FORMING 

Oscoop’s LEDGE, ACWORTH, N. H. ONE INCH = 400 FEET. 

mately flat upper surface of the great boss or stock of pegmatite 

(Figure 7). Evidently, no theory of pegmatite can be regarded as ade- 

quate which fails to take account of both of these diverse causes of 

the cavities —rifting and solution. Still a third cause must be in- 

voked where the pegmatite is inclosed in, and blends with, the par- 

ent plutonic rock. 

* According to the observations of Delesse, volcanic rocks, when reduced to a molten 

condition, attack briskly the sides of the Hessian crucibles in which they are contained 

and even eat through them. 
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Although, as indicated, certain more or less definite terms may 

be applied to the pegmatite masses, the great majority are decidedly 

irregular and indefinite in form. In every instance the pegmatite is 

clearly younger than the foliation of the inclosing rocks. The masses 

vary in size from almost miscroscopic veinlets, which, as Williams? has 

pointed out, show a high degree of liquidity in the original magma, up 

to bosses or dikes 500 feet or more, in width. So far as-we have ob- 

served, the largest masses show a tendency to the rectangular type. 

These include Mt. Tug, Orange, 500 x 1,500 feet; Osgood’s Ledge, 

Acworth, 175 x 700 feet; Palermo Mine, Groton, 200 x 500 feet. 

« Some of the rectangular forms are probably blunt lenses. The 

lenticular form is also very typically developed in some of the larger 

masses, such as the 

great veins on Crystal | 

Mountain, Lempster, 80 

x 300 feet, and Trow’s 

Hill, Sunapee, 50 x 400 

feet. We have already 

noted that the pegmatite 

dikes become _ smaller 

and fewer ay from Fic. 7— VERTICAL SECTION OF PEGMATITE AND OVER- 

the parent mass of gran- LYING SCHIST. RUGGLES MINE, GRAFTON, N. H. 

ite. The minor lentic- 

ular veins, isolated lenses or eyes, conforming with the foliation of the 

schists, present an interesting problem as to the source and mode of 

introduction of the component minerals (Figure 8). 

AgurEous THEORIES. 

All subterranean aqueous deposits may be referred io three classes: 

veins, impregnations, and substitution deposits.2, The second and third 

classes may safely be set aside at once as incapable of throwing any 

light upon the origin of pegmatite; unless, indeed, the solution and 

absorption of a body of schist by molten magma be regarded as a 

mode of substitution. It is sufficient for our present purpose to recog- 

nize the two main types of veins: (1) endogenous veins formed chiefly 

by ascending solutions in fissures or cavities ; (2) exogenous veins, 

™U. S. Geol. Survey, Annual Report, 15, 681. 

* Technology Quarterly, 7, 27-48. 
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formed chiefly by lateral secretion in rocks devoid of sensible fissures 

or cavities. The characters of the endogenous or fissure veins are 

well known, the most significant, perhaps, being the banding or crus- 

tification, comb-structure, and pockets. The exogenous or segrega- 

tion veins are especially characterized by their homogeneity of com- 

position and structure and the absence of pockets. 

The view that pegmatite masses are, in origin, akin to mineral 

veins, originally proposed by SauSsure, has in recent years been most 

positively asserted and strongly defended by T. Sterry Hunt. He 

held! that the pegmatites have been formed by the successive dep- 

osition of mineral matter from solution, usually in open fissures 

and in the development of the genetic hypothesis? he states that 

“the gneisses and bedded granites are-to granitic veins (pegmatite) 

what beds of chemically deposited limestone and travertine are to 

calcareous veins.”’ 

In reviewing the characters of pegmatite, a goodly proportion are 

found to be common to one or the other of the two types of veins 

noted above; and to admit of explanation, therefore, by the purely 

aqueous theories. Among these are the following: (1) rare minerals; 

(2) coarse crystallization ; (3) banding and comb-structure, with tour- 

malines, etc., normal to the walls; (4) inclusions of water in quartz, 

etc.; (5) pockets and druses. On the other hand, vein formation 

does not satisfactorily explain: (1) the order of crystallization, except 

in pockets ; (2) completely idiomorphic crystals; (3) the graphic struc- 

ture; (4) the finer crystallization next the walls, at least this is more 

suggestive of igneous contacts; (5) broken tourmalines, etc.; (6) in- 

clined tourmalines; (7) inclusions of carbon dioxide; (8) immense 

size of many of the veins; (9) evidence of solution of the walls; (10) 

orientation of inclusions. The characters of the first list point un- 

equivocally to the intervention of water in the formation of pegma- 

tite; while those of the second list demand with equal distinctness 
important modification of the aqueous process. 

IGNEOUS THEORIES. 

One of the earliest, and at the same time one of the clearest and 

most satisfactory, statements of the igneous theory of pegmatite is 

?Notes on Granitic Rocks, Amer. Jour. Sci., III, 2, 89. 

? Mineral Physiology and Physiography, 1886, 133. 
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that by Charpentier (1823). He held that the pegmatites are “in- 

jections of granitic material, which, originating in the still fluid gran- 

ite, deep down, was pressed into the cracks of the already solidified 

granite above —afterbirths, as it were, of the same granitic forma- 

tion in the district of which they occur.” 

This idea was accepted by De la Beche, Bronn, Fournet, Durocher, 

and Angelot ; and Naumann! regarded it as the most probable theory. 

Brégger quotes Charpentier’s view approvingly ; and his own paper, 

one of the most notable of the later contributions to the literature of 

‘pegmatite, is essentially a defense and farther development of this 

early igneous theory. He reviews critically the views of other writers, 

and argues strongly in favor of magmatic solidification, holding that 

it affords satisfactory explanations of the chief facts of composition, 

texture, structure, and relations to the inclosing formations. 

That water plays a more or less essential part in the formation 

of igneous magmas, at least those of acid character, is now so gen- 

erally conceded that it would be idle to advance arguments against 

the view that pegmatite is the product of dry fusion. In fact it 

would probably be difficult to prove that any of the so-called igneous 

rocks, have resulted from strictly anhydrous processes. The real 

question is, then, can acid pegmatites be regarded as the direct pro- 

duct of such a slightly aqueo-igneous fusion or magma as yields the 

normal granites? It appears to the writers that a sufficient answer 

to this question is to be found in the characters of granite —a fine 

and even-grained rock of remarkably uniform composition and devoid 

of pockets. This absolute lack of agreement in the fundamental 

characters seems to render a more detailed comparison superfluous. 

It is thus obvious that the igneous theory also, although accounting 

satisfactority for the order of cryztallization in pegmatite, broken 

crystals of tourmaline and beryl, parallel orientation of inclusions, 

etc., requires important modification, and especially a larger inter- 

vention of water; for it does not appear that the variation of any 

other factor, such as pressure or temperature, would meet the necessi- 

ties of the case. 

Brégger, however, among recent writers, seems disposed to mini- 

mize the influence of water; and in the differentiation of pegmatite 

from normal granite to allow it practically no part whatever. He 

*Lehrbuch der Geognosie, 2d. Ed., 2, 232 (1858). 
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says! “the principal requirement for the solidification of deep-seated 

magmas to holocrystalline plutonic rocks seems, therefore, to consist 

in a sufficiently slow cooling of the water-bearing magma, under a 

pressure of superimposed matter great enough to prevent the water 

separated out by crystallization from freely escaping to the surface, 

and compelling it by a pressure exerted from above to pass into the 

wall-rock (contact metamorphism).”” Although so clearly recognizing 

the presence of water, and using it to account for certain contact 

phenomena, he does not, apparently, regard it as in any way essen- 

tial to magmatic differentiation, either chemical or textural, but treats 

the magma, virtually, as if it were anhydrous throughout its entire 

history; and yet he repeatedly invokes the aid of certain “agents 

mineralisateurs,’ which are nowhere more explicitly designated or 

described. His non-utilization of the water in the magma, obliges 

him to refer the gigantic crystallization and irregular composition so 

characteristic of pegmatite wholly to the slowness with which it has 

cooled and solidified. He says? “both when they (the pegmatites) 

occur in the main mass of the allied eruptive rock (parent plutonic), 

and when they occur in the neighborhood —and one of the two is 

always the case—-we may assume that the rock surrounding the 

vein-stone (pegmatite) was first heated to a high temperature and 

that, therefore, the cooling must have taken place unusually slowly 

and uniformly ; and upon this fact primarily the largeness of the grains 

may be explained.” 

This explanation of these extremely important characters, which 

no theory of pegmatite can ignore, appears to us singularly inadequ- 

ate, in view of the following considerations: (1) The surrounding 

rocks must always be cooler than the great body of granitic magma 

by which they are heated. (2) The coarsest pegmatite is often in 

narrow dikes thousands of feet if not miles distant from the border 

of the plutonic mass in which it originated. (3) If, as Brégger in- 

sists and we believe, pegmatite is the end-product or final crystalliza- 

tion of the original granite magma, we are, to paraphrase his criti- 

cism of Lehmann (p. 43) led to the remarkable result that a body of 

magma solidifying as the result of cooling has a higher temperature 

and therefore crystallizes more slowly and coarsely in the later than 

St. £545 
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in the earlier stages of the process. (4) Brégger holds that the most 

typical pegmatite may be, and in special instances cited by him must 

have been, formed at very moderate depths below the earth’s surface 

—a few hundred feet to two or three thousand feet. How, under 

these conditions, the vast body of granite magma at greater depths 

and cooling far more slowly escaped conversion into pegmatite is a 

mystery which he nowhere offers to explain. 

But he goes on to say}, “That this explanation of the coarse 

grain and of the imperfect zonal structure of many pegmatite veins 

is correct, is rendered probable in the highest degree by the fre- 

quent occurrence of pegmatitic structure in those portions of rock 

bordering on the open drusy cavities of many massive granites. 

Interpret these as analogous to the formation of the pegmatite veins 

themselves, in the following way: First, on account of the contrac- 

tion due to crystallization of the rock already for the most part 

solidified, there were formed crystal-free /wmzna (microlitic structure 

on a large scale); the mixture of magma and crystals so formed, 

which must have constituted a somewhat solid rock, inclosing the 

lumina, was however completely permeated by the magma, and with 

this these crystal-free spaces would naturally have been filled. By 

continued cooling this magma, beginning at the walls, also crys- 

tallized out slowly and uninterruptedly, often mixed with minerals 

which had been formed by special ‘agents mineralisateurs;’ the 

conditions of such crystallization, proceeding from the walls of the 

lumina inwards, must have been somewhat different from those of 

the former crystallization, which took place within the mass of the 

whole solidifying rock-matter, where the separate individuals must 

have crowded upon one another, etc.; hence the ever increasing 

size of grain, the zonal structure (conditioned by the crystallization 

from the walls inward), etc. If the magmatic silicate solution were 

not concentrated to such an extent that the /wmina were completely 

filled by its crystallization, first, open drusy cavities must have re- 

sulted, which finally through continued circulation might be filled in 

with minerals deposited from solutions at first still hot but later less 

and less hot. The filling up of the drusy cavities corresponds ac- 

cording to this interpretation pretty exactly to the complete vein 

formation of the pegmatitic veins which occur outside the normal- 

UU. Gs5 Gfs 
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grained rock mass; the explanation throws light in both cases upon 

the continuous transition from the rock formed purely by magmatic 

solidifscation to the final minerals of the druses deposited from solu- 

tions not exactly magmatic (less concentrated).” 

This statement certainly leaves much to be desired in the way 

of clearness, and we confess ourselves unable to gather from it with 

certainty the author’s meaning. Considered simply as a suggestion or 

outline of the mode of formation of pockets, we should not care to 

criticise it. The references to more and less concentrated magmatic 

silicate solutions suggest the possible intervention or agency of water ; 

but in view of the facts that this is not explicitly stated and that 

anhydrous magmas are now generally regarded as true solutions, the 

idea of minimizing the aqueous influences is obvious. Whether 

Brégger should really be classed with the advocates of the igneous 

or the aqueo-igneous theory of pegmatite is ,therefore, doubtful; and 

it has seemed best to us not to hazard a guess as to the possible 

hidden meaning of his language. 

AQUEO-IGNEOUS THEORY. 

Although the igneous theory, even in its more modern forms, 

so obviously fails as a complete explanation of pegmatite, yet it is 

distinctly along this line, from Charpentier’s view as a starting point, 

that we have advanced to the conception of a more perfect cdopera- 

tion of heat and water. Referring to William’s summary! of peg- 

matite theories we learn that Elie de Beaumont, in his famous essay 

«Sur les emanations volcaniques et métalliferes,” ? while accepting 

in the main the igneous and intrusive origin of pegmatites, intro- 

duced an important addition in assuming water and other mineral- 

izing agents as necessary factors in their formation. Scheerer,’ in 

a contemporary paper, attributed a still more important réle to water 

in the formation of pegmatites, holding what Hunt* has designated 

as the theory of “granitic juice,” a highly heated aqueous solution 

of mineral substances impregnating the congealing mass and oozing 

out under pressure into the surrounding rocks. Lehmann,° in his 

™U. S. Geol. Survey, Annual Report, 15, 676. 
2 Bull. Soc. Géol. Fr. (II), 4, 12 (1847). 

3 Bull. Soc. Géol. Fr. (II), 4, 468. 

Chem. and Geol. Essays, 189, (1875). 

5 Granulitgebirge, 52--58. 
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large and excellent work upon ‘The Granulite District of Saxony,” 

as quoted by Brégger, endeavors to account for the pegmatite veins of 

that region. He assumes the aqueo-igneous (hydatopyrogene) forma- 

tion of granite, and pronounces the veins in a sense to be injection 

veins. ‘The granitic veins of the granulite district have originated, 

no doubt, with the aid of more or less water, but this has not been at- 

mospheric water which has percolated downwards through the cracks 

of the granite, but it is eruptive water, which was given up from the 

granite to the surrounding rocks, and which, under peculiar condi- 

tions obtaining at great depths, was supersaturated with mineral mat- 

ter." Lehmann assumes for the granitic magma a gelatinous con- 

sistency, which was to be accounted for, presumably, by the presence 

of ‘viscous silicic acid.” ‘These fluid secretions of granite may be 

compared to hot jelly.” ... “The capacity of silica to form jellies 

with much or little water invites strongly to this hypothesis.” ‘ Be- 

tween such a gelatinous magma and a saturated aqueous solution a 

large number of consecutive intermediate stages can be imagined. 

In this way, it seems to me, the connection between the pegmatitic 

veins and the ordinary granites, the remarkable segregations in the 

shape of pegmatitic veins opening out into druses, and finally the con- 

nection of these with vein-fillings which consist only of quartz, tour- 

maline and potash mica, or of quartz alone, can be explained, etc.” 

Lehmann still farther emphasizes the réle which water plays in the 

magma in holding that a high temperature is unnecessary to its for- 

mation and evolution. The increasing agency of water brings us next 

to Reyer,! who regarded the pegmatites as excretions of the solidify- 

ing magma, representing the last stage of solidification where water 

was largely active, while Keilhau, Hausmann, and Daubrée regarded 

the pegmatites as mainly aqueous deposits, but genetically connected 

with granitic intrusions. 

Notwithstanding his belief in the igneous origin of pegmatites in 

general, Brégger accepts the aqueo-igneous theory for a not insignifi- 

cant proportion of them. He says? the pegmatites, although chiefly 

magmatically solidified veins, pass into the crack-fillings which succeed 

them in point of time and which are not in the main, or are not at all, 

deposited from true magmatic solutions. To this he adds in a foot- 

* Theoretische Geologie, ror (1888). 

? Canadian Record of Science, 6, 60. 
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note, “Many large-grained veins of a pegmatitic structure have been 

formed principally by pneumatolitic (aqueo-igneous) processes, and not 

mainly by magmatic solidification,” citing as examples the apatite- 

bearing basic veins and many occurrences of cassiterite, tourmaline, 

topaz, etc. Also that the muscovite granite pegmatite veins, con- 

taining especially beryl, topaz, etc., and having as principal minerals 

microcline, oligoclase, albite, quartz, muscovite, are, in comparison 

with the ordinary granite pegmatite veins with which they frequently 

occur, of somewhat later formation, a slightly different magma, and 

to a larger extent of pneumatolitic formation. 

This review of opinion shows that while several previous writers 

have recognized the important and necessary agency of water in the 

formation of pegmatite, varying between heat as the chief agent with 

water cooperating (igneous processes), and water as the chief agent 

with heat codperating (aqueous processes), Lehmann alone has given 

us a complete statement of the aqueo-igneous theory, or recognized 

the essential continuity of the igneous and aqueous processes and the 

consequent complete blending of fusion and solution, and their prod- 

ucts —the igneous and aqueous rocks. The present paper may be 

regarded, therefore, as based upon Lehmann’s work —a restatement 

of his views, with more complete elaboration and illustration in certain 

directions. 

All lavas appear to be more or less hydrated at the time of their 

extrusion; and, however much opinions may differ concerning the 

source of the water and its original relations to the magma, it is gen- 

erally conceded that at the moment of eruption they are very inti- 

mately united, and that the former increases the liquidity and the 

eruptive energy of the latter. Water is very thoroughly diffused 

through the earth’s crust; and it has probably penetrated to so great 

a depth as to warrant the conclusion that all the so-called igneous rocks 

now exposed to our observation are in some degree the products of 

aqueo-igneous fusion. It is unnecessary, however, to insist upon this 

broad generalization, for, although it may be questioned for some of 

the plutonic rocks, it is very generally conceded to be true for those 

with which we now have to do —the acid plutonics or the granites. 

The order of crystallization of the component minerals, and the fact 

that the quartz, which has been in every instance the last mineral to 

crystallize, is usually crowded with aqueous inclusions, leave no room 

to doubt that water was present and played an important part in the 
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formation of granite. It is quite unnecessary to raise here the ques- 

tion as to whether or not the granites are metamorphosed sediments ; 

for those who would answer in the negative must, apparently, concede 

that there is a hydrated zone of the primitive igneous crust beneath 

the oldest sediments. In fact, the hydration of the original or still 

unstratified igneous crust toa great depth below the oldest sedimen- 

tary rocks appears to the writers a peculiarly safe assumption, for we 

have to do here with a portion of the primitive crust which formed the 

immediate floor of the primitive ocean. 

Assuming, then, without farther argument, that the granites have 

been formed in the presence of water, it may be noted that the num- 

ber, minuteness, and universal presence of the liquid inclusions indi- 

cate that, as in modern lavas, the water was very intimately combined 

with the granite magma. As the magma cools, the various minerals 

develop and crystallize out in the general order of their basicity, each, 

in turn, excluding, so far as possible, the still unindividualized magma 

and water, just as any crystals formed ina solution exclude the sol- 

vent. The magma thus becomes steadily more and more acid and 

hydrated ; and when, finally, the free silica alone remains unsolidified, 

it is probably combined with sufficient water to hold it temporarily in 

the gelatinous state. As this gelatinous silica slowly and spontane- 

ously dehydrates and crystallizes it necessarily imprisons the main part 

at least, of the water, which, like a true solvent, is the only part of the 

magma that remains permanently unsolidified. 

Conceive, now, that a large boss or massif of molten granite has 

invaded the crystalline schists at a great depth and is undergoing ex- 

tremely slow refrigeration. Crystallization begins on the surface of 

the mass and gradually extends inward. The rate of cooling dimin- 

ishes as the crust thickens, but the highly viscous nature of the cooling 

magma prevents the formation of large crystals. Finally, however, as 

the outer shell of the boss becomes gradually thicker, the rate of cool- 

ing and crystallization are sufficiently reduced to enable the quartz, as 

it slowly hardens, to exclude a portion of its inclosed water, forcing it 

inward into the still liquid magma; which is thus rendered more liquid, 

but not sensibly so at first, for the slowness of the process permits the 

diffusion of the excluded water through a large volume of unconsoli- 

dated magma. The extremely gradual nature of the changes is an 

essential feature of the explanation. The feldspar and mica probably 

crystallize in part at least far in advance of the quartz, forming a 
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reticulated or sponge-like zone, through the meshes of which the silica 

gradually expels a portion of its water. This process is, perhaps, 

favored by the tendency, through contraction, to reduce the pressure 

in the interior of the mass. The magma thus beeomes, although its 

temperature is slowly falling, more and more liquid, passing gradually 

from the condition of aqueo-igneous fusion to that of igneo-aqueous 

solution ; and the greater mobility of the latter state permits the for- 

mation of larger crystals. We may thus conceive a perfect blending 

of the conditions favoring the formation of normal granite in the exte- 

rior portion of the mass with those favoring the formation of giant 

granite or pegmatite in the central portion. 

Cooling, crystallization, and dehydration are processes involving 

contraction, and thus, as in a septarian concretion, there is a manifest 

tendency to form vacant spaces or cracks in the interior of the boss, 

in which the highly hydrated and liquid residuum of the magma col- 

lects and slowly crystallizes. If these cracks extend through the hard 

crust of the boss into the surrounding or overlying schists, or if fis- 

sures due to extraneous causes penetrate the boss, they will become 

the seats of sharply outlined and typical veins of pegmatite. 

The gradual character of every phase in the refrigeration and solid- 

ification of the boss makes it absolutely necessary to suppose that 

there must be somewhere a perfect gradation from the normal granite 

to the coarsest pegmatite. As previously stated, this gradation may 

be observed to some extent in the natural ledges; but we may fairly 

suppose that, while the cooling of the boss would be partly lateral, it 

would take place mainly downwards ; and since distinct veins of peg- 

matite represent an actual extravasation of the aqueo-igneous magma, 

it is apparent that the gradation in question should be sought mainly 

in depth. It appears to us probable that some of the coarser plutonic 

rocks, like the syenite of Marblehead, Mass., in a portion of which the 

crystals of feldspar are from four to six inches in length, should be 

regarded as intermediate between those of more normal texture and 

pegmatite. 

It is, perhaps, not impossible that a portion of the water required 

for the more perfect hydration and liquefaction of the residuum of the 

magma may be derived from extraneous sources. The boss is a great 

body of magma which has been forced up to, or developed in, a posi- 

tion in the earth’s crust far above its normal level. It brings the deep- 

seated temperature and other conditions up into the region of compar- 
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atively active aqueous circulation ; and it may be that shrinkage cracks 

or faults, if not interstitial percolation in accordance with Daubrée’s 

law, would admit meteoric or relatively superficial waters to a partici- 
pation in the differentiation of the magma. 

There appears to be an opportunity presented, also, to apply So- 

ret’s principle, upon which Iddings so largely relies, in his valuable 

essay on the origin of igneous rocks,! as a cause of the differentiation 

of purely igneous magmas. Soret demonstrated that if two parts of 

a solution of any salt be kept at different temperatures there will be a 

concentration of the salt in the cooler part of the solution. Iddings 

holds that in any molten magma certain oxides play the réle of solvents 

for the others. But if Soret’s principle admits of application to an 

anhydrous magma, much more should it be applicable to a magma in 

a state of aqueo-igneous fusion. In the granite boss the cooler part 

is the exterior, and toward the exterior, therefore, the dissolved bases 

will be concentrated, leaving in the interior a more highly hydrated 

portion, which will be in a state of igneo-aqueous fusion, and from 

which may be developed the coarse crystallization, comb-structure, and 

pockets of typical pegmatite. This principle probably codperates with 

and is, perhaps, intrinsically more important than that of the exclusion 

of water by crystallization. The main point of this paper is the ex- 

planation of the pegmatites through a differentiation of acid magmas 

in which water plays an important part, the differentiation involving 

for the magna residuum a transition from aqueo-igneous fusion to 

igneo-aqueous solution. The possible intervention of extraneous 

water has been suggested, but this is not deemed essential. 

The increase in the degree of hydration of a small part of the 

magma, through the exclusion of water during solidification by the re- 

mainder, is substantially the explanation which Iddings offers for the 

phenomena presented by spheratites and lithophyse. A moderate 

increase in the proportion of water about centers, the proximity of 

which will be determined by the viscosity of the magma and the rate 

of cooling and solidification, gives the unsolidified residuum sufficient 

liquidity to permit the incipient radial crystallization of the spherulite ; 

while a higher degree of local hydration gives rise to the concentric 

crystalline shells and shrinkage cracks (pockets) with the highly per- 

fect crystallizations of feldspar, quartz, fayalite, etc., characteristic of 

the typical lithophysz. 

1 Bulletin of the Philosophical Society of Washington, 12, 158. 
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An analogy may also be traced between this explanation of peg- 

matite and what appears to us to be the best explanation of the quartz 

geodes in certain limestone formations. Soluble organic silica origi- 

nally disseminated through the limestone is dissolved by percolating 

water and subsequently replaces the calcium carbonate of the lime- 

stone about favorable centers. The silica is precipitated and accumu- 

lates in a highly hydrated and gelatinous form. Its volume is thus 
sufficient to fill the globular cavity due to the solution of the lime- 

stone ; and, theoretically, the accumulation continues until the soluble 

silica in the tributary portion of the limestone is exhausted. The 

gelatinous silica then slowly dehydrates and solidifies. This process 

begins at the surface; a continuous and impervious shell is thus 

formed ; and the remaining silica slowly adds itself to the inner sur- 

face of the shell. The viscous nature of the hydrate does not allow 

the molecules of silica sufficient freedom of movement for the devel- 

opment of a visibly granular or crystalline structure; and the outer 

layer of the shell is, therefore, cryptocrystalline or chalcedonic. But 

a process of spontaneous differentiation is in progress. The separa- 

tion of a portion of the silica renders the solution more mobile, the 

molecules of silica move more freely, so that cryptocrystallization. 

usually gives way to phenocrystallization, and the inner surface of the 

geode is studded with large and perfect crystals of quartz. The finely 

crystalline normal granite forming the main part of a boss corresponds 

to the chalcedonic shell of a geode, and the central veins and masses 

of pegmatite to the crystalline lining. The much larger proportion of 

water in the ball of colloid silica from which a geode is evolved deter- 

mines a greater preponderance of the coarser crystallization and a rela- 

tively larger central cavity or pocket than in the granite boss; while 

the vastly slower crystallization of the boss prevents, as a rule, even 

the outer part from being left in the semi-amorphous or felsitic condi- 

tion, which would be essential to give a perfect correspondence with 

the chalcedonic outer shell of the geode. 

We have observed in New Hampshire, as Williams has in Mary- 

land, and other writers in Europe, a perfect gradation in composition 

between veins of typical pegmatite and ordinary quartz veins. The 

quartz veins often intersect the pegmatite and are obviously newer ; 

though it is probable that they are usually substantially contempora- 

neous with the great masses of quartz which are such a characteristic, 

as well as the latest, feature of the pegmatite. We hold, with Leh- 
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mann, that the most satisfactory explanation of this blending of pegma- 

tite with quartz veins on the one hand, as with normal granite on the 

other, is to be found in a corresponding blending of aqueo-igneous 

fusion with igneo-aqueous solution ; and this dynamic gradation, it ap- 

pears to us, can only result from the gradual hydration of the residual 

magma during the slow centripetal solidification of a body of magma 

and a consequent elimination of water. 

In any case, the solidification and crystallization of a body of 

magma must be conceived as centripetal ; and this consideration makes 

it impossible for us to agree with Brogger that the water of any con- 

siderable volume of magma would pass outward through the constantly 

thickening shell of granite into the wall-rock. And before the solidi- 

fication begins the diffusion of the magmatic water through the wall- 

rock appears equally improbable, since the magma is to be regarded as 

a chemical union of water and fused rock, a true hydrate, which is 

dissociated by crystallization, but while actively molten under pres- 

sure, absorbing water rather than giving it off. Furthermore, it 

appears to us probable, or at least possible, that magma injected into 

the wall-rock may become more liquid, in spite of cooling, through 

absorption of water; provided the wall-rock has a high temperature or 

the magma is already sufficiently hydrated to have a low fusing point. 

Local absorption of water from the wall-rock would best account for 

the pegmatitic character of the small dikelets or apophyses of granite 

to be observed on the shores of Marblehead and Swampscott, Mass. 

The main body of granite is quite free from pegmatitic characters ; 

but the innumerable branches or apophyses of granite ramifying 

through the bordering diorite are very generally pegmatitic, at least in 

part, with frequent gradations, the most typical pegmatite passing by 

insensible steps into the normal granite on the one hand and ordinary 

vein quartz on the other. The dikelets vary in size from half an inch 

or less to several feet in width, even the smallest often exhibiting per- 

fectly the gradation just noted ; and the pegmatitic character is quite 

commonly accompanied by a more or less distinct banding or zonal 

structure — symmetrical bands of feldspar (red orthoclase) on either 

wall, with quartz and sometimes epidote and allanite in the middle. 

Long, narrow pockets are a very characteristic feature of these banded 

veinlets of pegmatite, indicating a high degree of hydration of the 

magma. 

Although the fluidity of the highly hydrated pegmatite magma 
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would make extravasation easy, and thus, perhaps, readily account for 

the size and number of the pegmatite veins in the surrounding forma- 

tions, and the fact that they sometimes extend to great distances from 

the parent plutonic mass; yet extravasation of a definite pegmatite 

magma is out of the question in the Marblehead and Swampscott 

occurrences, and the pegmatite must be due essentially to a differen- 

tiation zw situ of the normal granite magma, the only cause of the dif- 

ferentiation which we are able to recognize being the absorption of 

water from the wall-rock. While studying the pegmatites of New 

Hampshire we were strongly impressed, as already noted, by the num- 

ber, size, and general prominence of the pegmatite veins in the schists, 

even at considerable distances from the mother rock —the Concord 

granite, the pegmatite being quite in contrast, in this respect, with 

the normal granite, which seems to form but few apophyses or dikes 

in the schists. In fact, we believe it may be truly said that while 

pegmatite intrusions are especially characteristic of the schists, intru- 

sions of the normal Concord granite occur chiefly in the more massive 

formations (Winnipesaukee gneiss, porphyritic granite, etc). These 

considerations have recently suggested to us the following modifica- 

tion or extension of the pegmatite theory: 

Pegmatite magma may be formed in two distinct ways: First, by 

normal magmatic differentiation in a boss or large body of magma, 

both crystallization and the operation of Soret’s principle tending, as 

already explained, to increase the degree of hydration of the magma 

residuum about favorable centers. These magma residues may crys- 

tallize zz situ in the midst of the previously solidified normal granite, 

giving rise to what may be called sedentary pegmatite, which is 

especially characterized by its gradual passage outward into the nor- 

mal granite; or the pegmatite magma may suffer extravasation, 

finally crystallizing in spaces of discission or dissolution in the parent 

plutonic, or in the surrounding formations. Second, apophyses of the 

normal granite magma may invade highly heated, water-bearing forma- 

tions, such as the schists, and experience the necessary hydration for 

conversion into pegmatite magma through the absorption of this extra- 

neous water. The high temperature of the wall-rock is essential, as 

previously noted, to prevent the chilling and crystallization of the 

magma before the absorption of water can take place. 

It cannot be argued that this principle would lead to a peripheral 

development of pegmatite in the main bodies of granite, for while the 
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volume of water-bearing wall-rock per unit of surface of the body of 

magma would not be increased, the volume of magma through which 

the water would be diffused as fast as absorbed would be enormously 

greater and no exceptional or marked degree of hydration could result. 

That the wall-rock must have been highly heated, contrary to Leh- 

mann’s view, is reasonably certain from the absence in both the gran- 

ites and pegmatite of the normal gradation in texture due to the chill- 

ing action of the walls. On the other hand, this high temperature 

probably would not tend to expel the water from the inclosing forma- 

tions, and thus prevent them from contributing water to the invading 

magmas; for the well-known experiments of Daubrée and Poiseuille 

indicate that within certain limits, at least, the heat favors rather than 

hinders the downward progress of the water in the earth’s crust ; and 

it appears to us very probable that the absorption of water by deep- 

seated magmas is another cause operating to the same end. It can 

hardly be doubted that the temperature was well above the critical 

point for water, and hence the hydration of the magma really means 

the absorption of superheated aqueous vapor under enormous pressure. 
This extension of the pegmatite theory overcomes the obvious diffi- 

culty as to the extensive extravasation of pegmatite magma evolved or 

originating deep down in a great boss of solidified granite; and 

apophyses of normal granite accompanying pegmatite may reasonably 

be referred to a somewhat earlier period, when the thermal conditions 

were still unfavorable to aqueous absorption. 

Pegmatite magma may not only be assumed to be more liquid than 

that of normal granite, but to solidify less promptly, solidification 

being due only in part to cooling and in part to spontaneous dehydra- 

tion,—a general principle, the application of which to the pegmatite 

magma is indicated by the absence of hydrous species among the com- 

ponent minerals. The experiments of Daubrée and others favor the 

view that the proportion of water essential to the constitution of the 

pegmatite magma is small; and this is indicated, also, by the infre- 

quent and relatively small pockets; although the enormous pressure 

prevailing at these great depths may, perhaps, tend to prevent the 

formation of pockets. 

The origin of pegmatites at great depths is suggested by the 

regional metamorphism of the schists and the consequent general 

absence of characteristic or significant igneous contact phenomena; 

and a high temperature may be inferred from the usually jagged out- 
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lines of the veins, indicating a tearing or rending, rather than a break- 

ing, of the rocks, as if they had been softened and toughened by heat. 

The minute, thread-like veins and apophyses, both of pegmatite and 

common granite, and the very common lack of gradation along the 

walls for both rocks, are other facts pointing to the same general con- 

clusions. The pegmatite magma is probably very liquid only in 

pockets ; while for the development of the normal pegmatite a much 

thinner jelly than the normal granite magma, combined, as in the 

latter, with extremely slow cooling and dehydration, seems to be re- 

quired. The order of erystallization shows that pegmatite magma is 

only a more extreme form of the granite magma. In a true igneous 

or granite magma, however, the size of the crystals is definitely lim- 

ited by the viscosity ; and beyond a certain point it is practically inde- 

pendent of slowness or rate of cooling. It may be noted, also, that 

while in pegmatite the tabular and prismatic crystals tend to be per- 

pendicular to the walls, in true magmatic consolidation the orientation 

of the crystals is essentially indifferent to the walls. 

The essential continuity of fusion and aqueous solution is not 

readily demonstrated by experiment. Under the relatively moderate 

pressures which have been employed, the addition of heat to a solu- 

tion, beyond a certain low maximum, vaporizes and expels the solvent ; 

and, in like manner, although the addition of water to a magma pro- 

motes liquidity, the amount of water which the magma can retain is 

insufficient to offset the loss of heat due to the vaporization of water. 

It is clear, however, that with increased pressure solutions might be 

hotter and fusions more highly hydrated; and we see no reason to 

doubt that at moderate depths in the earth heat and water may exist 

in equal and perfect codperation. Whether at greater depths igneous 

fusion prevails must depend, of course, upon the temperature and its 

relations to the elevation of the fusing point by increase of pressure. 

The absorption of water under pressure by a liquid magma appears to 

be a chemical process, a true hydration, the water disappearing as such. 

If this view be correct, there is certainly some reason to think that we 

have here a reinforcement of Daubrée’s explanation of the downward 

progress of water in the earth’s crust. It is not only urged down by 

capillary attraction, but also, as previously stated, to make good the 

loss due to its absorption by deep-seated magmas. 

Pressure promotes aqueous absorption and solution, but retards 

fusion by raising the fusing point. High temperatures, on the other 
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hand, favor fusion, of course, but are antagonistic to aqueous absorp- 

tion, and hence to solution. If, as we must believe, the pressure 

increases more rapidly at great depths than the temperature, it may 

well be, as has been clearly shown by others, that purely igneous 

fusion nowhere obtains, but the molten magmas at the greatest as well 

as at moderate depths are in a state of aqueo-igneous fusion. It is a 

necessary corollary to this view that as refrigeration progresses and 

water is, in consequence, more abundantly absorbed the degree of 

liquefaction at a given depth increases until heat and water are in per- 

fect codperation, and then declines with farther loss of heat, since it 

is manifestly impossible that sufficient water should be absorbed at 

any depth to give a general liquid zone by approximately pure solu- 

tion. It is probable, therefore, that the continuity of fusion and solu- 

tion is most fully realized during the differential solidification of 

a body of magma; and pegmatite is, in a truer sense than any other 

lithologic type, the connecting link between the igneous and aqueous 
rocks. 

Strictly speaking, nearly all, if not quite all, known rocks are sec- 

ondary. This is generally conceded for the sedimentary rocks; but, 

following Iddings and other recent writers, it must be admitted also 

for the igneous rocks. A dike is a more or less highly differentiated 

portion of some deep-seated magma, and it is clearly newer than the 

walls. An ascensionist, certainly, can say nothing more for a vein, 

save that while in the formation of the dike heat is the chief agent 

with water codperating (aqueo-igneous fusion), in the formation of the 

vein water is the chief agent with heat codperating (igneo-aqueous 

solution). The greater mobility of the solution permits a_ higher 

degree of concentration ; but concentration is a universal process and 

participates in the formation of eruptive masses and sedimentary 
deposits as well as of veins.: 

In the opinion of the writers, no sharp line of demarcation can be 

drawn between dikes and veins, and veins are clearly entitled to some 

degree of recognition in the lithological classification. In a broad 

view of the early history of the earth, all the sedimentary and vein 

rocks are, of course, secondary with reference to the primitive igneous 

crust, but so are the igneous rocks with which we are now acquainted. 

Probably none of the igneous rocks which have been studied are truly 

primitive, and their derivation in some cases from sediments is 

claimed by many able observers. 
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Heat and water are the two great agents concerned in the modifi- 

cation and differentiation of the earth’s crust; and they are generally, 

if not everywhere and always, in codperation, heat prevailing, as a 

rule, at great depths, and water at the surface. Thus arise the two 

principal classes of rocks — igneous and aqueous. In either class the 

rocks may be deep-seated (newer than both walls) or superficial (newer 

than one wall), in other words, intrusive or contemporaneous. The 

intrusive igneous masses are known as dikes, etc., and the contempo- 

raneous as lava-flows ; while the intrusive aqueous masses are known 

as veins, etc., and the contemporaneous as sedimentary strata. Be- 

tween the vein rocks and dike or plutonic rocks we have, at great 

depths, a perfect transition, in the pegmatites; but between volcanic 

rocks and sediments transition forms are wanting, because the limited 

pressure does not permit the perfect codperation of heat and water. 

Since this paper was written, the 6¢i Annual Report of the United 

States Geological Survey has appeared, containing Van Hise’s impor- 

tant discussion of the principles of Pre-Cambrian geology. We are 

pleased to see (p. 687) that he holds very strongly to the essential 

continuity of fusion and solution at great depths in the earth, and 

finds in this céoperation of aqueous and igneous agencies the best 

explanation of the main part at least of the pegmatites, although hold- 

ing with Brogger that they are in part of normal igneous origin. 
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